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THE  USE  OF  THE  RONTGEN  RAY  BY  THE  MEDICAL  DEPARTMENT  OF  THE 
UNITED  STATES  ARMY  IN  THE  WAR  WITH  SPAIN. 


INTRODUCTION. 

Soon  after  the  discovery  by  Professor  Rontgen  of  the  new  form  of 
radiation  and  the  placing  on  the  market  of  apparatus  for  its  production,  the 
Surgeon- General  of  the  Army  supplied  Rontgen-ray  apparatus  to  several 
of  the  larger  post  hospitals.  On  the  outbreak  of  the  war  with  Spain  and 
the  establishment  of  general  hospitals  the  most  prominent  and  important  of 
these  hospitals  and  the  three  hospital  ships  Relief,  Missouri,  and  Bay  State 
were  supplied  with  similar  appliances. 

In  all,  seventeen  apparatus  were  available  during  the  war,  of  which  five 
were  static  and  twelve  were  coil  machines.  These  apparatus  proved  to  be 
not  only  invaluable  aids  in  military  surgery,  but  the  use  of  the  two  types, 
coil  and  static,  gave  an  opportunity  for  comparison  of  these  two  methods 
for  producing  the  Rontgen  ray  as  adapted  to  the  needs  and  environments 
of  military  hospitals. 

The  use  of  the  Rontgen  ray  has  marked  a distinct  advance  in  military 
surgery. 

It  has  favored  conservatism  and  promoted  the  aseptic  healing  of  bullet 
wounds  made  by  lodged  missiles,  in  that  it  has  done  away  with  the  neces- 
sity for  the  exploration  of  wounds  by  probes  or  other  means,  and  by 
this  has  obviated  the  dangers  of  infection  and  additional  traumatism  in  this 
class  of  injuries. 

In  gunshot  fractures  it  has  been  of  great  scientific  value  by  showing 
the  character  of  the  bone  lesions,  the  form  of  fracture,  and  the  amount  of 
bone  comminution  produced  by  the  small-caliber  and  other  bullets — condi- 
tions which  could  not  have  been  otherwise  determined  in  the  living  body. 

In  the  treatment  of  these  traumatisms  it  has  been  of  great  value  in 
determining  the  course  of  treatment  to  be  pursued,  as  its  use,  together 
with  the  course  of  the  cases  under  treatment,  has  shown  that  aseptic  or 
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se])tic  condition  of  tlie  wound  is  of  far  greater  iin})ortance  than  the  amount 
of  Ijone  comminution.  This  is  illustrated  by  those  cases  of  extensive  bone 
connninution  which,  when  connected  with  aseptic  wounds,  progress  to 
favorable  termination  with  a inininmm  of  immediate  and  remote  ill  elTects; 
wdiile  those  cases  in  which  the  bone  traumatism  is  slight,  if  complicated  by 
infection  of  the  wound,  are  much  more  difficult  to  treat  and  serious  in  their 
result. 

In  the  sections  of  this  report  which  are  devoted  to  a consideration  of 
the  effects  produced  by  missiles,  care  has  been  taken  to  select  the  cases  and 
radiographs  which  are,  as  far  as  possible,  typical  of  the  conditions  treated  of. 

In  making  these  selections,  many  case  reports  and  radiographs, 
which  have  been  submitted  to  the  Surgeon-General,  and  which  are  similar 
to  those  introduced  in  the  text,  have  been  omitted,  as  the  reproduction  of 
radiographs  which  only  show  that  which  is  illustrated  by  those  introduced 
would  add  to  the  bulk  of  the  report  without  increasing  its  value.  As  the 
scientific  value  of  the  plates  depends  upon  their  being  true  representations 
of  the  objects  as  shown  by  the  Rontgen  ray,  the  radiographs  and  the  nega- 
tives, from  which  they  were  printed,  have  not  in  any  case  been  retouched 
other  than  to  remove  some  slight  defects  which  may  have  appeared  in  the 
prints  or  negatives  during  their  preparation.  In  this  connection  the  writer 
wishes  to  express  his  appreciation  of  the  work  done  by  Dr.  W.  M.  Gray,  of 
the  Army  Medical  Museum,  in  preparing  many  of  the  negatives,  and  of  the 
preparation  of  many  of  the  prints  by  Private  Harry  Utter,  Hospital  Corps, 
United  States  Army. 

In  the  sections  devoted  to  technic,  the  theory  and  physics  of  Rontgen 
radiation  have  been  omitted  as  having  no  practical  bearing  upon  the  use  of 
the  Rontgen  ray  in  military  surgery,  and  these  sections  have  been  devoted 
to  questions  of  practical  technic,  knowledge  of  which  has  proved  of  value 
in  manipulating  the  apparatus  used  to  produce  the  new  kind  of  radiation. 


I. 

RONTGEN  RAY  APPARATUS. 


Two  types  of  apparatus — coil  and  static — were  in  use  in  the  Medical 
Department  of  the  United  States  Army  during  the  Spanish-American  war. 
In  both  apparatus,  Rontgen  rays  are  produced  by  passing  a rapidly  inter- 
rupted electrical  current  of  high  potential  through  a specially  constructed 
glass  bulb  (Crookes  tube)  of  high  vacuum.  In  the  static  machine,  the 
electrical  current  is  produced  directly  by  the  machine  and  carried  direct 
from  it  to  the  tube.  The  electrical  energy  given  out  by  the  static  machine 
is  derived  from  the  motor  energy  used  in  chiving  the  machine. 

In  the  coil  machine,  the  electrical  current  is  produced  in  the  secondary 
portions  or  coils  of  a special  apparatus — Ruhmkorff  coil — by  induction 
through  the  passage  of  a primary  current  of  low  potential  through  the 
primary  portions  or  coils  of  the  apparatus. 

The  primary  current  is  obtained  from  many  forms  of  electrical  sources; 
either  from  primary  batteries,  accumulators,  dynamo  machines,  or  from 
local  electrical  installations,  and  is  led  to  the  Ruhmkorlf  coil  by  means  of 
insulated  wires. 

In  the  Ruhmkorff  coil,  the  primary  current  traverses  the  primary  coil, 
which  is  placed  within  the  secondary  coil,  and  in  so  doing  induces  a second- 
ary current  of  high  potential  in  the  outer  or  secondary  coil.  This  secondary 
current,  after  being  interrupted  with  high  frequency  by  mechanical  means, 
is  carried  to  the  tube  and  there  gives  rise  to  the  peculiar  form  of  energy 
known  as  Rontgen  radiation. 

When  working  properly,  both  the  static  and  the  coil  apparatus  produce 
Rontgen  rays  of  practically  equal  power  and  working  efficiency.  The 
apparatus  are,  however,  so  utterly  unlike  in  construction  and  require  such 
different  means  for  their  manipulation  that  they  are  not,  under  all  condi- 
tions, equally  adapted  to  the  requirements  of  military  surgery. 
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THE  STATIC  APPARATUS. 

The  static  machines  now  used  for  the  ]U’oduction  of  Rontg-en  radiation 
are  of  the  Wimshurst-Holtz  t^-pe,  wliich  includes  a charger  and  an  induction 
a})paratus,  the  latter  consisting  of  eight  or  ten  circular  glass  plates  sup- 
[)orted  on  an  axle,  with  intervening  oblong  plates  of  glass,  combs,  connections, 
etc.,  all  inclosed  in  a case  of  glass  and  Avood.  The  circular  plates  are 
revolved  by  hand  or  by  motor  power.  With  the  latter,  a motor  of  one-sixth 
to  one-fourth  horsepower  is  required.  The  static  machines  used  by  the 
Medical  Department  were  made  by  Otis  Clapp  & Son,  of  Providence,  R.  I. 
Their  apparatus  weighs  about  500  pounds,  is  well  constructed  and  reliable, 
and,  with  proper  manipulation,  gives  Rontgen  rays  of  high  power. 

COIL  APPARATUS. 

The  coil  machines  used  by  the  Medical  Dejiartment  Avere  of  several 
different  patterns.  They  comprised  those  made  by  the  Edison  Manufactur- 
ing Company,  the  Fessenden  Company,  and  the  General  Electric  CompaiiA’. 

In  these  apparatus,  the  primary  current  is  supplied  from  primary  bat- 
teries, storage  batteries,  or  dynamos,  and  all  these  different  means  Avere 
in  use  during  the  war.  The  Edison  machines  Avere  the  type  operated  bA' 
Edison-Lalande  cells.  The  Fessenden  machines,  and  that  of  the  General 
Electric  Company,  were  supplied  Avitli  storage  batteries  or  with  current  from 
dynamos.  Where  a dynamo  current  can  be  had  it  is  the  best  kind  of  cur- 
rent, as  it  is  always  ready  for  use  and  can  be  had  in  sufficient  and  constant 
fpiantity.  It  is,  hoAvever,  rarely  available  for  Rontgen  ray  apparatus  used 
for  military  piuqioses,  except  on  hospital  ships,  as  few  military  hosjiitals  are 
sup})lied  Avith  electric  plants  or  are  situated  where  current  from  them  can 
be  obtained.  In  consequence,  primary  or  secondary  (storage)  flatteries, 
ordinarily  have  to  be  used. 

STOKAOE  BATTERIES. 

These  l)atteries  Avhen  in  good  working  order  yield  excellent  results. 
They  are  objectionable  on  account  of  their  bulk  and  Aveight,  and  especially 
from  their  being  apt  to  get  out  of  order  aud  yield  currents  uncertain  in 
quantity  unless  they  are  constantly  used  and  carefully  attended  to.  Another 
disadvantage  is,  that  as  they  are  an  intermediary  method  of  supplying 
electricity,  they  require  a source  from  which  to  obtain  their  charge.  Where 
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war  ships  or  electric-light  plants  are  available  the  problem  of  their  supply 
is  easily  solved.  But  this  is  rarely  the  case.  The  British  medical  depart- 
ment in  the  Soudan  expedition  ’ overcame  the  difficulty  of  charging  storage 
batteries  by  charging  them  from  a dynamo  run  by  means  of  a tandem 
bicycle  attachment.  This  method  is  objectionable  in  that  it  requires  an 
extra  amount  of  complex  apparatus  and  time  and  labor  to  run  the  machine, 
while  the  resulting  outjjut  of  electricity  is  no  better  or  greater  than  that 
obtained  direct  from  primary  batteries. 

In  the  Spanish- American  war  a storage  battery  was  at  first  used  on  the 
hospital  ship  Reliefs  but  its  weight  and  bulk,  and  the  difficulty  experienced 
in  keeping  it  in  order,  caused  its  use  to  be  abandoned. 

PRIMARY  BATTERIES. 

But  one  type  of  primary  battery  has  been  used  by  the  Medical  Depart- 
ment of  the  United  States  Army. 

These  batteries  are  made  up  of  Edison-Lalande  cells  in  direct  series. 

The  medical  department  of  the  British  army  made  use  in  the  Terah 
campaign  of  a battery  of  Grove  cells,  and  with  it  obtained  excellent  results.^ 
The  Edison-Lalande  cell  is  much  more  constant  and  steady  in  action  than 
the  Grove  cell,  and  is  undoubtedly  the  best  form  of  primary  battery  for 
Rontgen  ray  purposes.  The  cell  used  is  the  type  W of  the  Edison  Manu- 
facturing Company.  It  consists  of  a porcelain  jar  by  15  inches,  with 
the  contained  elements  and  solution.  Ten  of  these  cells  are  united  in  direct 
series  to  form  the  battery  for  Rontgen  ray  Avork,  and  all  are  inclosed  in  a 
metal-lined  zinc  box. 

The  elements  employed  in  the  Edison-Lalande  cell  are  zinc,  which 
forms  the  negative  pole,  and  black  oxide  of  copper  (CuO),  the  positive 
pole  of  the  battery.  The  exciting  liquid  is  a solution  of  caustic  potash. 
The  oxide  of  copper  is  obtained  by  the  process  of  roasting  copper  turnings ; 
the  oxide  is  then  ground  into  a fine  powder  and  compressed  into  solid 
blocks,  from  which  plates  of  a suitable  size  for  the  different  cells  are  cut. 
These  plates  are  suspended  from  the  cover  of  the  containing  vessel  (a 
porcelain  jar),  in  a grooved  copper  frame,  the  sides  of  which  are  rigidly 
bolted  to  the  cover  by  means  of  thumb  nuts,  one  of  which  also  serves  as 
the  ])ositive  pole  of  the  battery.  On  each  side  of  the  copper  oxide  element 

^Battersby,  J.  “The  present  position  of  the  Roentgen  rays  in  military  surgery,”  Archives  of  the 
Roentgen  Ray,  Vol.  Ill,  page  74.  London,  1899. 

^Beevor.  “The  working  of  the  Rontgen  ray  in  warfare,”  Journal  of  the  Royal  United  Service 
Institution,  Vol.  XLII,  page  1152.  London,  1898. 
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in  the  cells  is  sus})eii(le(l  a rolled  zinc,  plate.  These  zinc  plates  are  fastened 
V)y  a bolt  to  a.  knol)  on  the  cover.  This  prevents  any  movement  in  the 
relative  })Osition  of  the  elements,  and  does  away  with  the  necessity  of  using- 
vnlcanite  se})arators  to  })revent  any  short  circuits  occurring-  in  the  solution. 
The  zincs  are  amalg-amated  and,  as  in  most  Ijatteries,  the  zinc  is  attacked 
more  vig-orously  near  the  top  than  at  the  lower  })art  of  the  })late,  the  zincs 
for  this  cell  are  made  slightly  tapering-,  the  thick  })art  being  iipperitiost. 

The  exciting  liquid  employed  in  the  battery  consists  of  a 25  per  cent 
solution  of  caustic  })otash  in  water,  or  in  other  words,  of  a solution  of  1 
])Ound  of  caustic  })otash  in  3 })Ounds  of  water.  When  the  circuit  is  closed 
and  the  cell  is  put  in  action,  the  water  is  decomposed,  the  oxygen  forming. 


witli  the  zinc,  oxide  of  zinc,  which,  in  turn,  combines  with  the  potasli  to 
form  an  exceedingly  soluble  douf)le  salt  of  zinc  and  })otash,  which  dissolves 
as  rapidly  as  it  is  formed;  the  hydrogen,  lil:)erated  by  the  decomposition  of 
the  water,  reduces  the  copper  oxide  to  metallic  copper.  A layer  of  heavy 
})araflin  oil  three-eigliths  of  an  inch  deep  is  added  to  keep  out  the  air  and 
])revent  creeping. 

The  Edison-Lalande  flattery  has  an  initial  electromotor  force  of  0.95 
volt,  which  drops  to  0.7  volt  on  chjsed  circuit.  At  first  sight  it  a.})pears 
that  the  electro-motive  force  is  low.  The  internal  resistance  is,  liowever, 
correspondingly  lower  (in  the  type  W cell  being  oidy  0.02  ohm),  and 
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consequently  it  follows  that  the  available  electro-motive  force  (potential 
difference)  is  very  high. 

The  efficiency  of  the  Edison-Lalande  cell  as  compared  with  other 
primary  batteries  is  shown  in  Table  I. 


Table  1.  Dr.  A.  E.  Kennelly’s  table  sliovilng  comparative  efficiency  testis  between  the 
Edison-Lalande  cell.,  type  IF,  and  other  types  of  battery  on  the  marhet.,  for 
purposes  of  driving  small  electric  motors.,  or  for  moderate  general  delivery  of 
power. 


Type  of  cell. 

1.  Mean 
working,  E. 
M.  F.  volts. 

2.  Aver- 
age inter- 
nal resist- 
ance. 

3.  Maxi- 
mum de- 
livery 
current. 

4.  Capac- 
ity in 
ampere 
hours. 

5.  Power 
valuation. 

6.  Eco- 
nomic 
power 
valuation. 

Edison-Lalande,  type  W . 

0.  67 

Ohms. 
0. 028 

Amperes. 
33.  35 

300 

22.  22 

4.  58 

Fuller  bichromate 

1.8 

0. 40 

4. 50 

68 

8. 1 

8. 1 

Western  Union  carbon, 
bichromate  type 

1.8 

0. 40 

4. 50 

5 

8. 1 

6.  48 

Partz  motor  cell 

1.83 

0.  51 

3.58 

65 

6.  57 

1.458 

Hussey  Eclipse 

1.4 

0.8 

1.75 

45 

2.45 

0.  98 

Leclanche 

1.5  to  0.5 

0.5 

3.0 

1.0 

1.0 

Gravity  Daniell,  Western 
Union  type,  local 

1.0 

0.5 

2.0 

2.0 

2.  22 

The  third  column  gives  the  current  that  the  cells  will  deliver  when 
placed  on  short  circuit,  and  the  fourth  and  fifth  columns  show  the  great 
capacity  in  ampere  hours  and  the  high-power  valuation  of  the  type  W 
cell  compared  with  other  similar  sources  of  electrical  energy. 

The  Edison-Lalande  battery  has  the  following  advantages  for  Rontgen 
ray  work: 

1.  High  and  constant  available  electromotive  force. 

2.  Little  loss  of  energy  while  the  cell  is  idle,  the  chemical  action  in 
the  cell  being  only  about  1 per  cent  a month. 

3.  Constant  and  heavy  current  delivery. 

4.  No  attention  or  inspection  required  until  the  elements  are 
exhausted. 

5.  Freedom  from  noxious  fumes  or  chemical  deposits.  No  freezing  or 
influence  by  temperature  changes  or  differences. 

6.  Comparatively  cheap  materials,  easily  obtained. 
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RONTGEN  RAY  IN  SPANI8H-AMERICAN  \YAR. 


The  Roiitg-en  ray  battery  of  ten  cells,  type  W,  lias  a life  of  600  ampere 
Incurs,  or  about  200  working-  hours.  The  cost  of  renewal  of  the  elements 
is  about  $22,  making-  the  hourly  running-  cost  only  about  11  cents  per 
hour. 

The  Edison  battery  apparatus  complete,  as  furnished  the  iMedical 
Department,  is  as  follows: 

1 Edison-Ruhinkorff  coil,  6-inch  spark,  with  adjustable  condenser  and  vibrator. 

1 Edison  liuoroscope,  6 inches  by  8 inches. 

1 Edison  X-ray  focus  tube,  medium  size. 

1 Edison  X-ray  focus  tube,  large  size. 

1 adjustable  stand  for  tube. 

10  Edison-Lalande  cells,  type  W,  in  metal-lined  polished  oak  box. 

1 combination  rheostat,  for  using  battery  for  X-ray,  cautei-3%  motor,  diagnostic,  and 
centrifugal  work. 

1 batter}-  cord,  connecting  combination  rheostat  to  coil. 

1 batter}^  cord,  connecting  battery  to  combination  rheostat. 

2 insulated  wires  for  connecting  tube  to  coil. 

For  a battery  apparatus,  this  outfit  is  quite  compact  and  can  be  trans- 
ported without  dang-er  of  breakage. 

WHERE  RONTGEN  RAY  APPARATUS  SHOULD  BE  PLACED  FOR  MILITARY  SURGICAL 

USE. 

Before  comparing-  the  different  types  of  apparatus  it  should  be  deter- 
mined where  the  apparatus  is  to  be  placed  for  use. 

In  the  Spanish-American  war,  apparatus  were  su])plied  to  general 
hospitals  and  hospital  shijis  only.  None  ivere  used  in  movable  hospitals  or 
in  the  field.  Some  advocates  of  the  Rontgen  ray  in  military  surgei’}^  have 
advised  the  use  of  apparatus  in  the  field  hospitals.  In  the  Terah  expedi- 
tion an  apparatus  was  used  at  the  extreme  front — so  far  to  the  front  that 
the  operators  were,  at  one  time,  under  fire  when  engaged  in  removing-  a 
bullet  ivith  its  aid. 

Exjierience  with  its  use  in  the  late  war  and  the  conditions  of  military 
surgery  lead  to  the  conclusion,  that  the  use  of  the  apjiaratus  in  movable 
hospitals  is  not  advisable,  and  that  its  use  should  be  restricted  to  })erma- 
nent  liase  and  general  hospitals  aiid  to  lios])ital  ships.  This  conclusion  is 
reached  through  a c(^nd)ination  of  reasons  .- 

First.  That  lodged  bullets  only  in  extremely  rare  cases  require  imme- 
iiate  removal. 


rOntgen  ray  apparatus. 
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Second.  That  the  environments  of,  and  conditions  incident  to  movable 
field  hospitals,  render  asepsis  in  operating  practicably  impossible;  and,  in 
consequence,  in  field  hospitals  noninterference  with  wounds  should  be 
practiced  to  the  utmost  extent  possible. 

Third.  That  surgical  interference  with  lodged  bullets,  except  where 
adequate  asepsis  is  available  or  the  necessity  urgent,  is  to  be  condemned,  as 
the  suppuration  which  follows  is  much  more  detrimental  to  the  patient  than 
the  presence  of  the  lodged  missile. 

Fourth.  That  a Rontgen  ray  apparatus  in  the  field  is  an  additional 
incentive  to  surgeons  to  operate  under  conditions  not  adequately  aseptic. 

The  percentage  of  the  recoveries  of  the  wounded  in  the  war  with 
Spain  was  high  compared  with  preceding  wars,  as  will  be  seen  by  reference 
to  Table  II,  which  shows  the  comparative  mortality  of  the  wounded  in 
recent  wars. 

In  the  American  civil  war,  where  the  larger  caliber  rifle  was  used  and 
asepsis  and  antisepsis  were  unknown,  the  mortality  was  nearly  double  that 
of  the  Spanish-American  war  (12.96  to  6.64  per  cent). 

The  question  naturally  arises,  how  much  of  the  reduction  in  mortality 
is  due  to  the  use  of  a smaller  caliber  rifle  firing  a small  bullet  with  high 
velocity  and  how  much  is  due  to  modern  surgical  methods.  In  an  attempt 
to  determine  this  question,  attention  is  called  to  Table  III,  which  shows  the 
mortality  of  regional  wounds  in  the  two  wars.  From  this  table,  it  will  be 
seen  that  the  mortality  from  wounds  of  the  head,  face,  neck,  spine,  and 
abdomen  did  not  materially  differ  in  the  two  wars.  There  was,  however,  a 
marked  difference  in  the  chest  wounds  (27.8  to  11.4),  and  a very  great  dif- 
ference in  wounds  of  the  extremities  and  flesh  wounds  of  the  back.  The 
great  difference  in  mortality  from  injuries  of  the  pelvis  and  genital  organs 
is  mainly  to  be  ascribed  to  the  fact  that  these  injuries  recorded  in  the 
Spanish-American  war  were  mostly  flesh  wounds,  while  in  the  civil  war 
many  penetrating  wounds  of  the  pelvis  and  severe  fractures  of  the  pelvic 
bones  were  tabulated. 
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rontgp:n  ray  in  spanish-american  war. 


1'ahi.k  II. — Nnn  JxfT  of  ■loounded  in  recent  wars  who  crune  under  freniment  and  per- 
centage (f  rnorfality. 


Wounded. 

Died. 

Mortality. 

Per  cent. 

Crimean,  1854-56 — English  (Matthew' ’) 

12,  094 

1,  840 

15.  21 

French  (ChemG) 

39,  868 

4,  359 

10. 90 

In  Italy,  1859-60 — French  (Chenu”)  

17,054 

2,  962 

17.36 

American  civil,  1861-65 — Federals  (Otis  ^)  

246,  712 

31,978 

12.  96 

Prussia- Denmark,  1864 — Prussians  ( Loetfler  ”) 

2,  021 

316 

15.  63 

Austria- Prussia,  1866 — Prussians  (Loefiler®) 

13,  731 

1,455 

10.  59 

France-Germany,  1870-71 — Germans  (official  ') 

99,  566 

11,023 

11.07 

Russia-Turkey,  1877-78 — Russians  (Kosloff  ”) 

56,  652 

6,  824 

12.04 

China-Japan,  1894-95 — Japanese;  Third  Division  (Haga“). 

1,  105 

108 

9.77 

Indian  frontier,  1897-98 — English;  Terah  expedition  (Gore'“) 

948 

99 

10.  44 

Spanish- American,  1898 — Americans  (official  ”) 

1,  594 

106 

6.  64 

' Matthew.  Medical  and  Surgical  History  of  the  British  Army  in  the  Crimea,  Vol.  II,  p.  259. 
London,  1858. 

^ Chenu.  Rapport  an  Conseil  de  Sante  des  Armees  sur  les  resultats  du  Service  Medico- 
Chiriu'gical  aux  Amhulaiices  <les  Crimee,  1854, 1855, 1856.  Paris,  1865. 

The  number  of  deaths  among  the  wounded  and  the  mortality  of  the  wounded  as  here  given  are 
much  lower  than  given  by  most  writers  for  the  French  forces  in  this  war,  the  mortality  of  the 
wounded  usually  being  stated  at  about  25  per  cent. 

As  most  writers  in  giving  the  high  mortality  of  about  25  per  cent  quote  Chenu  as  authority,  it  is 
probable  that  an  original  error  of  computation  w^as  made  by  some  writer  (juoting  Chenu  and  that  this 
has  been  jierpetuated.  CUienu  himself  states  that  wdiile  his  figures  can  not  be  considered  as  absolutely 
ac:curate  that  there  is  probably  l)ut  slight  error.  They  may,  therefore,  be  considered  sufficiently 
accurate  for  general  deductions. 

Chenu.  Statistique  Medico-Chirurgicale  de  la  Campagne  d’ltalie  en  1859  et  1860,  Tome  II, 

1).  853. 

^ Otis.  Medical  and  Surgical  Plistory  of  the  War  of  the  Rebellion,  Vol.  Ill,  pp.  685-691. 
Washington,  1883.  The  figures  cover  wounds  made  by  w'eapons  of  war. 

LoelHer  (F)..  General-Bericht  fiber  den  Gesundheitsdienst  im  Feldzuge  gegen  Diinemark, 
1864,  Erster  Theil,  pages  36-46.  Berlin,  1867. 

“ Loefiler  (F).  Das  Preussische  Militar-Medezinahvesen  und  seine  Reform  nach  1866,  II,  Table 
I.  Berlin,  1868. 

’ Sanitiits-Bericht  fiber  ilie  Deutschen  Heere  im  Kriege  gegen  Frankreich,  1870-71.  Berlin, 
1888.  II.  Bund,  II,  i>.  94.  ' 

**  Kosloff.  Compte-Rendu  du  Service  de  Sante  Militaire  pendant  la  Guerre  de  Turquie  de 
1877-1878  d’apres  les  donnees  (jlficielles.  St.-Petersbourg,  1887. 

These  figures  differ  widely  from  those  of  Pirogow,  which  are  often  quoted  and  which  give  the 
mortality  of  the  w'ounded  at  26.03  per  cent.  Pirogow’s  figures  are  entirely  en-oneous,  being  based  on 
estimates  only  and  not  on  official  records. 

“ Ilaga.  Krieg.schirurgische  Erfahrungen  aus  <lem  .laiJanisch-Chine.sischen  Krieg,  1894-95. 
Archiv  fiir  klinische  Chirurgie,  vol.  55,  pp.  256-257.  Berlin,  1897. 

’“Gore.  Army  Medical  Department  (British)  Rejiort,  1897.  Appendix  No.  VI,  p.  451. 
London,  1898. 

The  figures  are  the  wounded  of  the  Terah  exiieditionary  force  only. 

" Rei)ort  of  the  Adjutant-General  of  the  Army  to  the  Secretary  of  War.  1899.  Tables  facing 
pl>.  10  and  16.  Washington,  1899. 
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Table  III. — Numher^  regional  dlMrUmtion^  and  mortality  of  ganrhot  'imand-H  In  caaen 
which  came  under  treatment  in  the  A'lnerleaii  civil  war  and  the  Spanish- American 
ward 


Seat  and  character  of 
injury. 

Total  number  of 
cases. 

Per  cent  of  fre- 
quency. 

Recover- 

ies. 

Deaths. 

Undeter- 

mined 

results. 

Per  cent 
of 

mortality. 

Civil  war 

Head. 

Flesh  wounds 

Fractures 

7,  739 

4,  350=12,  089 

3. 14 

1.76=  4.9 

6,  573 

2,  676 

2,  840 

28.9 

S.-A.  war 

Flesh,  wounds 

Fractures  

40 

31=  71 

2.  86 

2.  21=  5.  07 

51 

18 

2 

26.  1 

Civil  war 

Face. 

Flesh  wounds 

Fractures 

4,  914 

4,502=  9,416 

1.99 

1.83=  3.82 

7,406 

462 

1,548 

5.  9 

S.-A.  war 

Flesh  wounds 

Fractures  

43 

16=  59 

3.07 

1.  14=  4.  21 

54 

4 

1 

6.  89 

Civil  war . . . 

Neclx. 

Flesh  wounds 

4,  895=  4,  895 

1.99=  1.99 

3,  496 

618 

781 

15.0 

S.-A.  war 

Flesh  wounds 

35=  35 

2.  50=  2.  50 

26 

7 

2 

21.  2 

Civil  war. . . 

Spine. 

Injuries  of  spine. . 

642=  642 

0.26=  0.26 

279 

349 

14 

55.  57 

S.-A.  war 

Injuries  of  spine  . . 

8=  8 

0.  57=  0.  57 

3 

5 

0 

62.  5 

Civil  war 

Che.a. 

Non  penetrating . . 
Penetrating 

11,995 

8,  269=20,  264 

4.  87 

3.36=  8.23 

13,  921 

5,  373 

970 

27.  85 

S.-A.  war 

Nonpenetrating  . . . 
Penetrating 

61 

53=  114 

4.  36 

3.  79=  8. 15 

99 

13 

2 

11.  6 

Civil  war. . . 

Abdomen. 
Nonpenetrating . . 
Penetrating 

4,  748 

3,690=  8,438 

1.93 

1.50=  3.43 

3,  455 

3,  293 

1,690 

48.  80 

S.-A.  war 

Nonpenetrating 

Penetrating 

20 

44=  64 

1.43 

3.  14=  4.57 

35 

29 

0 

45.  3 

Civil  war. . . 

PerineuM  and  qen- 
itcd. 

Injuries  of  pelvis. 
Flesh  wounds  of 

1,494 

1,665=  3,159 

0.  60 

0.67=  1.27 

2,194 

930 

35 

29.  77 

S.-A.  war 

genito  - urinary 
organs. 

Perineum  and  gen- 

7=  7 

0.  50=  0.  50 

7 

0 

0 

00.  0 

Civil  war. . . 

ital. 

Back. 

Flesh  wounds  of 

12,  681=12,  681 

5. 15=  5. 15 

10,  883 

800 

998 

6.  85 

S.-A.  war 

back. 

Flesh  wounds  of 

108=  108 

7.  72=  7.  72 

106 

2 

0 

1.  9 

Civil  war. . . 

back  and  hips. 

Upper  e.rtrcmitie.^. 

Flesh  wounds 

Fractures 

54,  801 

32,  992=87,  793 

22.  29 

13.  39=35.  68 

80, 090 

5,  608 

2,095 

6.  54 

S.-A.  war 

Flesh  wounds 

Fractures  

289 

140=  429 

20.  66 

10.  00  = 30.  66 

426 

1 

2 

0.  20 

Civil  war 

Loiver  extremities. 

Flesh  wounds 

Fractures 

59, 139 

27,  274=86,  413 

24.  06 

11.09=35. 15 

73,  665 

11,813 

935 

13.8 

S.-A.  war. . . 

Flesh  wounds 

Fractures  

354 

150=  504 

25.  30 

10.  72=36.  02 

490 

8 

6 

1.  6 

'The  cases  from  the  civil  war  are  compiled  from  the  Surgical  History  of  the  War  of  the  Rebellion. 
The  cases  from  the  Spanish-American  war  are  those  which  occurred  in  the  Regular  troops,  and  which 
are  reported  in  the  Report  of  the  Surgeon-General  of  the  Army  for  1899,  complete  records  of  the 
Volunteer  troops  not  yet  being  available. 
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RONTGEN  KAY  IN  SPANISH- AM  ERIC  AN  WAR. 


The  great  reduction  in  mortality  in  wounds  of  the  extremities  is 
es})ecially  noticeable  (Table  IV). 


Table  IV. — Nwmher  of  cases  and  mortality  from  gunshot  of  the  extremities  in  the 
civil  war  and  United  States  Regulars  in  Spanish- American  'war. 


Cases. 

Died. 

Mortality. 

Civil  war,  upper  extremities 

87,  793 

5,  608 

1 

6.  5 

Spanish-American  war,  upper  extremities 

429 

0.  2 

Civil  war,  lower  extremities 

86, 413 
562 

11,  813 

13.  6 

Spanish-American  war,  lower  extremities 

9 

1.  6 

Tims  ill  the  civil  war,  while  the  mortality  of  all  wounds  of  the  extremi- 
ties, upper  and  lower,  was  6.5  and  13.6  per  cent,  similar  wounds,  in  the 
Spanish-Anierican  war,  had  a total  mortality  of  but  1.0  per  cent.  The  number 
of  deaths  in  the  latter  war  from  wounds  of  these  reg'ions  were  surprisingly 
small,  being  but  10  in  991  cases,  and  of  these  10  cases,  3 died  very  shortly 
after  the  receipt  of  their  injuries,  probably  from  hemorrhage.^  The  differ- 
ence in  treatment  adopted  in  these  wars  is  not  less  great  than  the  mortality 
(Table  V). 


Table  V. — ^Younds  of  the  extremities  treated  hy  excision  and,  amjmtation,  a'  d hy 
conserratism,  and  the  relative  mortality  of  each  treatment  for  two  tears  {in 
Sjxinish- American  war.,  United  States  Regula'rs). 


War. 

Wounds  of  extrem- 
ities. 

Amputations  and 
excisions. 

Percentage 
of  opera- 
tions to 
wounds. 

Operative 

mortality. 

Conserva- 
tive mor- 
tality. 

Total. 

Deaths. 

Total. 

Deaths. 

Civil - - - 

174,  206 
991 

17,421 

10 

12, 193 
32 

2,  636 

6 

6.  99 

3.  20 

21.6 
18.  7 

9.  1 

0.4 

Spanish-American 

This  table  shows  at  once  (a)  the  small  number  of  operations  done  or 
re(piired  to  be  done  in  wounds  of  the  extremities  since  the  ado[)tion  of  the 
new  rifle  and  modern  snrgical  methods,  the  proportion  having  l)een  reduced 
over  one-half  (6.99  to  3.20);  (/>)  the  great  decrease  in  mortality  in  these 
cases,  the  morality  being  reduced  over  twenty-two  times  in  cases  treated 
conservatively  (9.1  to  0.4)  and  somewhat  decreased  in  those  treated  by 
amputation  or  excision. 


' Report  of  the  Surgeon-General  of  the  Army,  1899,  p.  314.  Washington,  1899. 
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The  high  mortality  in  operation  cases  in  the  Spanish-American  war 
arose  from  the  fact  that  only  the  extremely  serious  cases  were  operated  on. 
In  the  oases  reported  among  the  Regulars,  the  deaths  that  occurred  were  all 
from  high  amputations  (Table  VI). 


Table  VI. — Resections^  amputations^  and  deaths  from  these  operations  in  the  Spa/nish- 

American  war  {Regular  troops). 


Resections. 

Amputa- 

tions. 

Deaths.' 

Arm  

1 

4 

1 

Forearm 

1 

2 

0 

In  hand  

13 

0 

Hip  joint - 

2 

2 

Thigh 

1 

5 

2 

Knee 

1 

1 

Leff 

1 

. 0 

Ankle 

1 

0 

Total 

3 

29 

6 

'No  deaths  from  resection. 


These  tables  demonstrate  that  the  lower  mortality  in  gunshot  of  the 
extremities  in  the  Spanish-American  war  was  accompanied  with  increased 
conservative  treatment.  That  the  conservative  treatment  which  was  prac- 
ticed was  made  possible  entirely  through  a difference  in  effect  produced 
by  the  small  caliber  bullet  from  that  produced  by  the  old  lead  bullet 
can  not  be  entertained.  The  Rontgen  ray  examinations  have  shown  that 
in  compound  fractures  tlie  amount  of  bone  comminution  is  generally  as 
great  with  the  new  as  with  the  older  bullet,  and  the  writer’s  observations 
upon  shrapnel  bullet  wounds  have  led  him  to  believe  that  slow-moving 
lead  bullets  very  frequently  produce  wounds  practically  as  aseptic  as  those 
made  by  the  new  bullet.^  It  follows,  that  conservatism  has  been  made 
possible  mainly  through  (a)  the  fact  of  the  recognition  of  the  general  aseptic 
nature  of  bullet  wounds;  (6)  the  maintenance  of  their  asepticity  by  the  use 
of  occlusive  dressings;  and  (c)  the  treatment  of  septic  wounds  by  antiseptic 
methods. 

The  Rontgen  ray  has  played  an  important  part  in  allowing  the  surgeon 
to  preserve  the  asepticity  of  bullet  wounds  by  doing  away  in  many  cases 

'Borden.  Gunshot  wounds:  A report  of  gunshot  cases  in  the  Spanish-American  war.  New  York 
Medical  Journal,  Vol.  LXXI,  New  York,  1900. 
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with  tlie  necessity  for  immediate  wound  exploration,  especially  for  lodged 
bullets. 

The  many  cases  of  lodged  bullets  in  which  the  bullets  were  left  undis- 
turbed until  the  patients  reached  a general  hospital  or  hospital  ship,  where 
the  missiles  were  located  by  the  Rdiitgen  ray  and  removed  under  aseptic 
technic  with  complete  safety  to  the  patient  atid  rapid  recovery,  prove  the 
nonnecessity  for  the  use  of  Rontgen  ray  apparatus  in  field  or  other  advanced 
hospitals.  Even  where  the  bullet  can  be  readily  located  without  the  use  of 
the  Rontgen  ray,  the  experience  of  the  late  war  and  the  opinion  of  numerous 
authorities  lead  to  the  conclusion  that  the  zeal  of  the  surgeon  should  not 
cause  him  to  remove  the  missile  at  the  field  hospital  except  in  special  cases. 
Infection  is  almost  sure  to  occur  from  the  almost  absolute  impossibility  of 
obtaining  ase})sis  under  conditions  which  are  present  at  the  front,  and  the 
recovery  of  the  patient  is  delayed  and  the  functions  of  the  wounded  part 
likely  to  be  impaired  in  consequence  of  the  suppuration  which  will  follow. 
Von  Bergmann,  who  obtained  such  brilliant  results  in  the  Turko-Russian 
war  by  the  use  of  occlusive  dressing,  and  who  has  since  advocated  the  use 
of  such  dressings  and  noninterference  in  gunshot  wounds,^  has  expressed 
the  0])inion  that  the  Rontgen  ray  will  prove  a menace  in  military  surgery 
in  that  its  use  will  ])rove  an  incentive  to  unnecessary  operative  interference. 

In  a recent  clinical  lecture  he  said : 

After  many  years’  practice  in  peace  and  in  war  I maintain  that  foreign  bodies, 
the  presence  of  which  in  the  body  is  not  a source  of  any  trouble  or  danger,  ought  to 
be  left  where  they  are. 

The  consciousness  of  having  some  extra  lead,  for  instance,  in  one’s  body, 
especially  when  it  causes  one  no  inconvenience  whatever,  does  not  in  the  least 
counterbalance  the  danger  of  an  operation  necessarv  for  its  removal. 

This  is  especially  the  case  in  war,  when  it  is  often  inipossil)le  to  operate  with 
all  aseptic  precautions.  If  special  merit  was  ascribed  to  me  in  the  Russo-Turkish 
war  1 ascribe  it  partly  to  the  fact  that  when  my  colleagues  came  up  with  I)ullet 
probes  of  every  kind  I dissuaded  them  from  their  purpose.  Even  then  I had  a 
tough  battle  to  tight — a battle  which  is  not  quite  ended  even  yet,  and  will  now,  after 
Rontgen’s  discovery,  begin  afresh. 

Professor  Kuttner,^  of  Lubingen,  who  followed  the  Greek  war  in 
conneetiou  with  the  German  Red  Cross  Society,  has  stated,  as  a result  of 
his  experience  with  a Riiutgen-ray  apparatus  in  that  war,  that  the  Rontgen 

* V.  Bergniaim.  Die  Re.sultate  der  Geleiikresectionen  iin  Kriege.  Giessen,  1874. 

V.  Bergiuann.  Die  Behandlung  der  Scliusswunden  des  Kniege-lenks  iiii  Kriege.  Stutlgart,  1877. 

Kuttner  (II.).  Ueber  die  Bedeutung  der  Riintgen  stralden  fiir  die  Kriegschirurgie  nach 
Erfahrungen  iin  Griechisch-Turkischen  Krieg,  1897. 

Beitriige  znr  Kliniselien  Chirurgie  XX,  p.  1()7.  Tubingen,  1898. 
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rays  are  of  great  importance  for  medical  aid  in  war,  but  only  for  fixed 
hospitals  and  those  installed  in  fortresses,  while  for  moving  field  hospitals 
their  application  is  very  limited. 

Abbott,^  in  an  article  in  the  London  Lancet  of  January  14,  1899,  on 
Surgery  in  the  Graeco-Turkish  war,  states  that  a coil,  battery  apparatus  was 
used  in  the  base  hospital  at  Phalerum.  As  a result  of  his  experience  in 
this  war,  he  says : 

The  use  of  the  Rontgen  ray  becomes  an  impossibility  at  the  actual  front.  For- 
tunately it  is  not  necessary  there,  and  could  very  possibly  do  harm  by  stimulating 
the  young  surgeon  to  premature  operations  under  bad  surroundings.  We  believe 
that  the  X-ray  in  future  wars  will  be  of  the  greatest  use,  but  not  at  the  actual  front. 

In  closing  his  article  Abbott  formulates  the  following: 

The  apparatus  is  of  no  use  on  the  held  where  the  detection  of  bullets  can  only 
be  an  incentive  to  premature  exploration. 

The  less  wounds  are  tampered  with  before  satisfactory  surroundings  are  reached 
the  better. 

The  modern  bullet  * * * is  practically  aseptic,  and  there  is  no  urgency  for 

its  removal. 

Surgeon  Major-General  Jameson,  of  the  medical  department  of  the 
British  army,  in  discussing  the  use  of  the  Rontgen  ray  in  warfare  and  as 
used  by  the  British  medical  department,  says: 

• 

Reference  has  been  made  to  the  necessity  of  supplying  these  various  apparatuses 
to  the  hospitals  at  the  front,  but  the  difficulty  of  transport  must  really  be  considered. 
It  seems  to  me  that  from  our  present  knowledge  the  advantages  are  not  so  very  great 
after  all  in  that  part.  The  place,  1 think,  for  them  is  in  the  line  of  communication 
or  at  the  base  hospital,  because  after  all  nothing  except  very  urgent  operations  are 
advised  to  be  performed  in  advanced  places.  What  the  photography  really  deter- 
mines is  more  the  position  of  the  bullet  or  the  kind  of  fractui’e,  but  the  ui’gency  of 
operation  is  determined  by  other  conditions.** 

Our  experience  in  tlie  war  with  Spain  was  fully  in  accord  with  the 
above  opinions,  as  the  use  of  the  Rontgen-ray  apparatus  at  general 
hospitals  and  on  board  hospital  ships  met  all  practical  requirements. 

As  to  the  use  of  the  Rontgen  ray  in  gunshot  fractures,  the  same  rules 
hold  as  for  lodged  missiles;  i.  e.,  occlusive  dressings  and  noninterference  at 
the  field  hospitals  except  where  operation  is  imperatively  demanded,  and  in 
this  connection  it  may  be  stated  that  cases  of  gunshot  fractures  are  extremely 

' Abbott,  (F.  G.).  Surgery  in  the  Graeco-Turkish  War.  Lancet,  Vol.  I,  pp.  30  and  152. 
London,  1899. 

'‘Journal  of  the  Royal  United  Service  Institution,  Vol.  XLII.  London,  1898.  Jameson  dis- 
cussing Beevor’s  jiaper  “The  working  of  the  Rontgen  ray  in  warfare.” 
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infrequeut  which  can  l:)e  benefited  in  any  way  by  the  use  of  Rontg-en 
ap])aratns  at  the  front. 

Also,  in  considering  where  Rontgen  apparatus  are  to  be  placed  for  use  in 
military  surgery  in  time  of  war,  the  fact  must  be  taken  into  account  that  these 
apparatus  are  all  more  or  less  bulky,  heavy,  somewhat  difficult  to  transpoi-t, 
and  that  their  use  requires  considerable  experience,  and  at  field  hospitals 
necessitates  expenditure  of  time  when  surgeons  are  most  busy  with  work 
incident  to  active  operations.  These  disadvantages  should  not  be  considered 
were  the  benefits  to  be  derived  from  the  employment  of  these  apparatus  in 
field  hospifals  at  all  in  proportion  to  the  difficulties  incident  to  their  trans- 
portation and  use.  But,  when  the  benefits  to  be  derived  from  using  them  at 
advanced  hospitals  is  confined  to  extremely  few,  if  any  cases,  and  is  useless 
in  all  others,  the  time,  work,  and  transportation  expended  on  these  appa- 
ratus under  such  circumstances  can  be  better  employed  in  other  ways. 

In  view  of  these  facts,  it  appears  that  the  place  for  Rontgen-ray  appa- 
ratus is  at  base  and  general  hospitals  and  on  hospital  ships,  and  that 
apparatus  so  located  will  meet  all  requirements  compatible  with  the  condi- 
tions incident  to  the  practice  of  military  surgery.  With  apparatus  so 
located,  Rontgen-ray  examinations  can  l)e  followed  when  necessary  by 
proper  aseptic  or  antiseptic  operative  methods.  This  plan  of  locating  and 
u^iing  Rontgen-ray  apparatus  was  adopted  in  the  Spanish-American  war 
with  the  best  possible  results. 

RONTGEN-RAY  APPARATUS  COMPARED. 

Premising  that  these  a})})ara.tus  are  to  be  used  at  base  and  general 
hospitals,  it  will  not  be  necessary  to  sacrifice  efficiency  to  too  great  com- 
|)actness  or  convenience  for  transportation. 

At  tlie  same  time,  the  apparatus  should  not  only  be  efficient  and  not 
too  complex  or  difficult  to  operate,  but  it  should  not  be  effected  by  climatic 
or  atmospheric  conditions,  and  should  be  fairly  portable. 

The  choice  of  machines  necessarily  lies  between  two  types — the  static 
and  the  coil.  When  pro])erly  managed  the  two  machines  are  practically 
equally  effective.  Their  ada})tability  for  us<^  in  military  surgery  rests, 
therefore,  entirely  with  which  best  meets  the  requirements  above  given. 
These  requirements  are  undoubtedly  usually  best  met  by  some  form  of 
coil  machine. 

The  static  machine  is  bulky  and  heavy,  glass  enters  largely  into  its 
construction,  and  conse({uently  it  can  not  ordinarily  be  as  easily  or  safely 
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Lodg-ed  Mauser  l)idlets  (natural  size),  removed  from  Spanisli-Americnn 
war  cases  after  having-  been  located  by  the  Rontgen  ray.  All  the  bullets, 
except  No.  1,  show  deformity  due  to  ricochet  impact. 
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Case  1,  Section  II. — Ralph  Barkman,  private,  Company  K,  Second 
Massachusetts  Volunteer  Infantry. 

Radiograph  of  left  leg,  viewed  from  the  inner  side,  showing  deformed, 
Mauser  bullet  lodged  behind  the  tibia. 
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transported  to,  or  set  up  at  hospitals  established  for  military  purposes  as 
can  the  coil  apparatus.  It  is  subject  to  a certain  extent  to  atmosplieric 
influences,  and  while  these  can  be  largely  overcome  by  proper  precautions, 
they  add  to  the  difficulty  of  obtaining  good  work.  The  apparatus  can  be 
run  by  hand  power;  but,  when  so  run,  its  output  is  not  equal  to  that  of  the 
same  machine  when  run  by  motor  power  at  an  even  rate  of  s]>eed.  To 
run  the  static  machine  by  hand  for  any  length  of  time  is  exceedingly  tire- 
some, even  with  a relay  of  men,  while  motors  add  to  the  expense  and 
trouble  of  transportation  and  installation  of  the  apparatus. 

The  advantages  of  the  static  apparatus  are  that,  when  properly  managed, 
it  gives  a constant  output  which  is  at  any  time  available  and  that  it  is 
economical  in  tubes,  as  tubes  do  not  wear  out  so  rapidly  v/ith  it  as  with  the 
coil  machine.  In  permanent  military  hospitals  in  dry  climates,  and  espe- 
cially where  motor  power  is  available  and  a dynamo  current  is  not  to  be  had, 
the  static  apparatus  will  give  a constantly  available  and  steady  source  of 
Rontgen  radiation. 

Relative  to  the  coil  machines,  taking  the  Edison  6 -inch  coil  machine 
run  with  10  Edison-Lalande  cells  as  a type,  this  form  of  apparatus  has  the 
advantages  over  the  static  machine  of  less  weight,  greater  portability,  less 
complexity,  and  nonliability  to  climatic  or  atmospheric  influences.  The  bat- 
tery is  easily  set  up,  easily  run,  lasts  for  a long  time,  and  the  cost  of  main- 
taining it  in  use  is  not  great.  Coil  apparatus  can  be  transported  with 
comparative  ease  and  with  a minimum  danger  of  breakage.  These  are  all 
decided  advantages  in  times  of  active  operations  where  apparatus  have  to  be 
shipped  to  recently  established  hospitals  and  used  more  or  less  constantly 
under  disadvantageous  conditions.  A battery  apparatus  can  be  quickly  set 
up,  and  by  having  a supply  of  extra  charges  on  hand  for  the  battery,  the 
apparatus  can  always  be  kept  in  working  order.  For  these  reasons,  :r  time 
of  war,  where  hospitals  are  being  established  and  equipped,  the  coil  apparatus 
with  primary  batteries  is  best  for  general  hospitals  and  base  hospitals  where 
dynamo  currents  can  not  be  obtained. 

The  battery  apparatus  has  the  disadvantage  of  requiring  a certain 
amount  of  care  to  keep  the  battery  up  to  its  maximum  working  efliciency 
and  of  not  giving  currents  of  absolutely  equal  strength.  With  the  Edison- 
Lalande  cells  these  disadvantages  are  reduced  to  a minimum,  and  in  time 
of  active  operations,  when  the  machines  are  being  used  frequently, 
give  rise  to  no  decided  trouble.  In  established  hospitals,  in  time  of 
peace,  where  an  apparatus  is  used  infrequently,  and  where  it  can  be  placed 
in  a good  room  and  well  attended  to,  a static  machine  is  probably  to  be 
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preferred  t<j  one  operated  by  a battery,  particularly  where  motor  power  is 
available. 

Where  dynamo  currents  can  be  had,  the  coil  machines  of  the  “ l)reak- 
wlieel  ” type  will  give  the  greatest  efficiency.  No  machine  of  this  type 
was  in  use  during  the  war  witli  Spain,  as  none  of  the  general  liospitals  were 
supplied  with  dynamo  currents.  Since  the  wa,r,  an  aj^paratus  of  this  type 
has  been  placed  in  the  hospital  connected  with  the  Soldiers’  Home  in 
this  city  (Wasliington,  D.  C.).  The  writer  has  carefully  examined  this 


Fig.  2. — Edison  break-wheel  apparatus. 


apparatus  and  believes  that  in  hospitals  where  a dynamo  current  can  be 
had,  this  apjiaratus  sluiuld  be  supplied  to  the  exclusion  ot  any  other. 

The  distinctive  feature  of  the  “ break-wheel  ” apparatus  is  that  there 
is  no  vibrator  on  the  induction  coil,  its  place  being  taken  by  an 
instantaneous  air  break-wheel  device.  This  device  consists  of  two,  toothed 
wheels  mounted  on  the  same  shaft,  the  jirojections  or  teeth  making  contact 
with  two  flat  brushes  which  bear  on  the  outer  peripheries  and  liy  which  the 
current  is  brought  in  and  led  out  again.  Tldiese  wheels  are  rotated  at  very 
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hig-li  speed  by  a small  direct- current  motor,  which  also  runs  a pressure 
blower.  The  air  blast  from  this  blower  enters  a bifurcated  tube  and  is 
connected  with  two  flat  nozzles  immediately  over  the  contact  brushes. 
When  the  device  is  set  in  operation  by  starting  the  motor  and  connecting 
the  primary  of  the  coil  in  series  with  the  binding  post,  the  spark,  formed  at 
the  contact  brushes  when  the  coil  is  energized,  is  instantaneously  blown  out 
by  the  air  blast  at  the  moment  of  formation.  This  greatly  increases  the 
rapidity  of  change  in  the  magnetic  circuit,  and  consequently  vastly 
augments  the  electric-motor  force  in  the  secondar}^  coil.  In  consequence, 
Rontgen  radiation  of  higher  penetration  and  efficiency  is  produced  in  the 
tube.  The  apparatus  can  be  worked  only  by  110  to  120  volt  direct 
current. 

The  whole  apparatus,  with  the  exception  of  the  coil,  is  in  an  oak 
cabinet.  It  is  extremely  compact,  strongly  made,  and  not  liable  to  get 
out  of  order  or  be  affected  by  atmospheric  conditions.  It  surpasses  all 
apparatus  with  which  the  writer  is  familiar,  both  as  to  ease  of  operation 
and  quantity  and  penetration  of  its  Rontgen-ray  output.  As  it  requires 
a direct  current  of  110  to  120  volts  to  operate  it,  it  is,  of  course,  only 
applicable  in  military  surgery  in  those  hospitals  and  hospital  ships  which 
are  supplied  with  this  form  of  electrical  current. 

The  general  conclusions  reached  relative  to  the  kind  of  Rontgen-ray 
apparatus  best  adapted  to  military  surgical  use,  and  the  place  in  which  the 
apparatus  should  be  used,  are: 

First.  The  place  for  the  apparatus  is  at  general  hospitals,  permanent 
hospitals  on  the  line  of  communication,  and  on  hospital  ships. 

Second.  That  in  equipping  base  and  general  hospitals  for  war  service, 
coil  apparatus  actuated  by  primary  batteries  should  be  supplied. 

Third.  That  in  permanently  established  hospitals,  where  there  is  no 
dynamo  current  available,  the  static  machine  will  probably  give  best 
satisfaction,  especially  if  motor  power  can  be  had. 

Fourth.  That  in  permanent  base  hospitals,  or  on  hospital  ships  supplied 
with  direct  currents  of  110  to  120  volts,  the  “break- wheel”  apparatus 
will  give  the  highest  obtainable  efficiency. 
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The  penetrating  and  perforating  power  of  a missile  depends  upon  the 
relation  which  its  velocity,  its  weight,  its  sectional  density  and  its  form 
bear  to  the  constitution  of  the  obstacle  against  which  it  impinges.  With 
the  modern  jacketed  bullet  these  proportions  are  such,  relative  to  animal 
tissues,  that  the  bullet  usually  perforates  the  part  against  which  it  impinges 
unless  its  velocity  is  greatly  reduced  Reduction  in  velocity  may  arise 
from  long  range  or  from  the  missile  liaving  impinged  against  some  other 
object  before  striking  the  bod}^  In  the  first  case,  loss  of  penetrating  and 
perforating  power  is  due  entirely  to  decreased  velocity  of  the  ball.  In 
the  second  case,  it  may  be  due  to  decreased  velocity  from  previous  impact 
or  its  power  may  be  further  lowered  by  deformation  in  shape,  so  decreasing 
its  penetrating  or  perforating  power  by  altering  its  form  and  decreasing 
its  sectional  density. 

Even  with  velocity  so  lowered  that  perforating  power  is  lost,  the 
jacketed  bullet,  when  undeformed,  almost  invariably  travels  in  a right  line 
after  entering  the  body.  This  peculiarity  of  the  bullet  is  probably  due  in 
part  to  its  form,  but  niaiidy  to  its  great  sectional  density.  In  this  it  differs 
markedly  from  the  old  lead  bullet  of  large  caliber,  with  which  deflections, 
after  entering  the  body,  were  extremely  common. 

The  small-caliber  bullet  is  sometimes  found  lying  at  an  angle  to 
its  course  of  entrance.  This  slight  displacement  may  be  produced  by 
contact  of  the  bullet  with  some  of  the  more  resistant  tissues  of  the  body, 
but  in  the  soft  tissues  it  is  ]jrobable  that  slight  displacement  of  the  bullet 
from  the  line  of  its  course  is  often  due  to  muscular  action  or  pressure  by 
neighboring  tissues  after  the  bullet  has  come  to  rest.  Thus  in  Case  14  of 
this  section,  where  the  bullet  was  embedded  in  the  brain  and  consequently 
was  not  acted  upon  by  such  forces,  the  bullet  lies  exactly  in  the  line  of  its 
course;  while  in  Case  6 of  this  section,  and  Case  6,  Section  V,  the  bullets 
have  been  dis})laced,  proljably  by  pressure  from  neighboring  tissues,  notabE 
in  the  last  case  by  ])ressure  from  the  overlying  flexor  tendons  of  the  forearm. 
In  perforating  wounds  made  by  the  modern  bullet,  the  positions  of  the 
entrance  and  exit  wounds  and  the  symptoms,  together  with  experiments 
upon  dead  bodies,  show  that  the  bullet  almost  invariably  takes  a direct 
course  through  the  part  hit,  irres])ective  of  the  tissues,  be  they  soft  parts  or 
bone  which  may  lie  in  its  course. 
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In  bullets  which  penetrate  only,  the  important  fact  that  they  also, 
almost  invariably,  pursue  a direct  course  until  they  come  to  rest  is  clear!}' 
demonstrated  by  the  position  in  which  they  have  been  located  by  the 
Rontgen  ray.  Thus  in  Case  11,  Section  IV,  though  the  bullet  entered  butt 
end  foremost,  it  passed  in  a direct  line  through  the  ulna  to  its  place  of 
lodgment  beneath  the  flexor  tendons  in  front  of  the  inner  condyle  of  the 
humerus.  This  direct  course  of  the  bullet  when  reversed  has  been  noted 
in  other  cases,  and  it  would  seem,  therefore,  that  the  direct  course  of  the 
modern  bullet  through  the  tissues  must  be  mainly  due  to  its  great  sectional 
density  rather  than  the  shape  of  its  end.  It  is  this  property  which  gives 
it  relatively  great  inertia  even  with  lowered  velocity  and  causes  it  to  pass 
without  deflection  through  the  opposing  force  of  the  tissues  until  it  comes 
to  rest. 

In  experimental  trials  with  the  jacketed  projectile,  its  tendency  to 
produce  perforating  rather  than  penetrating  wounds  was  found  to  be  ver}' 
great.  Arguing  from  this,  it  was  thought  that  the  number  of  lodged  bullets 
in  warfare  where  this  missile  was  used  would  be  few.  But  in  these  experi- 
ments the  bullet  impinged  against  the  part  without  previous  ricochet,  while 
in  warfare,  especially  where  the  firing  is  at  long  range  or  where  the  troops 
are  intrenched  or  are  sheltered  in  any  way,  wounds  from  ricochet  missiles 
are  exceedingly  common  and  largely  increase  the  mmd^er  of  lodged 
bullets.  Rontgen-ray  examination  of  cases  of  lodged  Mauser  bullets,  and 
the  deformed  condition  of  many  of  these  Inillets  when  removed  by  opera- 
tion, indicate  that  lodgment  was  due  in  many  instances  to  the  velocity  of 
the  missiles  having  been  reduced  by  ricochet. 

As  stfited  above,  the  high  velocity  of  the  compound  bullet,  its  small  size, 
and  great  sectional  density  cause  it  to  perforate  animal  tissues  rather  than 
penetrate  them,  unless  its  velocity  is  greatly  reduced.  At  the  same  time,  its 
high  velocity  gives  it  great  tendency  to  ricochet  for  considerable  distance 
and  yet  retain  sufficient  momentum  to  produce  penetrating  wounds.  The 
compound  bullet  is  very  resistant  to  deforming  violence;  yet,  that  it  can 
sustain  violent  ricochet  impact  and  still  retain  sufficient  velocity  to  cause 
penetrating  wounds,  is  shown  by  the  great  deformity  of  some  lodged  bullets 
(Plate  II). 

In  determining  the  cause  which  has  so  lowered  the  velocity  of  a 
small  caliber  projectile  that  it  has  lodged  in  a part,  instead  of  perforating 
it,  evidence  is  either  presumptive  or  positive.  The  evidence  of  having 
struck  some  resistant  object  before  entering  the  bod}',  may  be  considered 
positive,  when  the  bullet  is  deformed,  especially  if  the  deformation  is  marked. 
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;i!s  was  the  case  with  nmny  deformed  l)ullets,  in  cases  re})Oi’ted  in  the  late 
war.  It  is  stated  by  some  observers  tliat  the  modern  bnllet  niay  be  deformed 
by  impact  with  bone.  The  writer  is  inclined  to  believe  this  donbtful,  as 
the  bullet  is  relatively  so  much  more  resistant  than  osseous  tissue  it  hardly 
seems  possible  that  bone  could  offer  sufHcient  resistance  to  deform  it.  In 
any  event,  the  deformation  would  l)e  slight,  and  the  fact  should  be  con- 
sidered that  the  bnllet  might  have  struck  some  object  before  entering  the 
body  and  that  the  first  obstacle  and  not  bone,  had  deformed  the  missile. 

When  a lodged  missile  is  undeformed,  it  may  or  may  not  have  struck 
some  object  before  producing  the  penetrating  wound  If  the  wound  was 
received  at  extremely  long  range,  the  evidence  is  presumptive  that  the 
lowered  velocity  of  the  ball  was  due  to  the  length  of  its  Right.  When,  how- 
ever, the  range  is  short  or  unknown,  it  is  impossible  to  say  whether  lodge- 
ment was  caused  by  decreased  velocity  from  unknown  long  range,  or  from 
the  l)nllet  at  short  range  having  jiassed  through  some  obstacle  which 
lowered  its  velocity  without  altering  its  sliape.  For,  while  the  jacketed 
bnllet  is  frequently  deformed  by  ricochet,  its  resistance  to  deformation  is  so 
great  that  in  many  cases  where  it  })roduc,es  penerrating  wounds,  it  is  quite 
reasonable  to  sup})Ose  that  it  may  have  impinged  against  objects  not 
sufficiently  dense  to  deform  it,  or  even  may  have  ])assed  through  trees  or 
w(^oden  obstacles,  for  it  is  known  that  the  jacketed  l)ullet  will  }>ass  through 
many  inches  of  hard  wood  without  liecoming  deformed.  In  cases  of 
penetrating  wounds,  where  the  lodged  bullets  are  undeformed,  it  is  fair  to 
suppose  that  quite  a percentage  of  these  wounds  are  due  to  lowered 
velocity  from  causes,  such  as  tliose  given  above. 

In  the  Santiago  canq)aign,  the  large  number  of  lodged  missiles  was 
commented  on  by  the  surgeons.  In  198  Mauser  bullet  wounds,  seen  by  the 
writer,  tliere  were  21  lodged  Inillets.  This  number  is  unusually  high,  but 
serves  to  show  that,  under  certain  conditions,  quite  a number  of  lodged 
missiles  may  be  expected.  At  Santiago,  many  wounds  were  received  at 
long  range  and  in  a wooded  terrain e.  It  is  quite  possible  that,  in  some 
cases,  the  velocity  of  the  bullets  was  reduced  by  passage  through  the 
branches  of  trees,  in  which  event,  from  the  resistance  of  the  Ijnllet  to 
deforming  violence,  its  velocity  might  be  lowered  and  the  bullet  not  be 
deformed. 

Where  the  bnllet  is  lodged  butt  end  foremost  in  the  tissues,  it  is  to  be 
concluded  that  the  liall  has  ricocheted  and  turned  end  for  end  before  strik- 
ing the  })art.  The  fact  that  qnite  a number  of  ljullets  were  found  lodged 
butt  end  foremost,  and  that  so  man}’  lodged  missiles  showed  deformation 
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produced  by  ricochet,  demonstrates  the  property  this  bullet  has  of  retaining- 
sufficient  momentum  to  produce  penetrating  wounds  after  ricochet  impact. 
While,  therefore,  under  conditions  of  direct  impact,  the  small  size  and  great 
sectional  density  of  ti  e small-caliber  jacketed  bullet  cause  it  to  produce 
perforating  wounds,  except  at  extremely  long  range,  so  raising  the  percent- 
age of  perforating  to  penetrating  wounds  which  it  is  liable  to  inflict,  relative 
to  these  percentages  compared  with  similar  wounds  made  by  the  older  lead 
bullet  of  large  caliber;  the  ricocheting  property  of  the  modern  projectile, 
which  is  greatly  in  excess  of  that  of  the  old  bullet,  increases  the  propor- 
tionate number  of  penetrating  wounds  which  it  is  liable  to  inflict  in  actual 
warfare.  This  ricocheting  property  of  the  compound  bullet  and  its  ability 
to  produce  penetrating  wounds  after  ricochet,  as  well  as  after  having  its 
velocity  reduced  in  other  ways,  accounts  for  the  fact  that  the  number  of 
cases  of  lodged  bullets  was  greater  in  the  late  war  than  was  anticipated 
from  experimental  trials  of  the  bullet  made  previous  to  its  use  under  actual 
conditions  of  warfare. 

DEFORMED,  LODGED,  MAUSER  BULLETS. 

In  the  two  following  cases,  the  first  illustrates  the  direct  course  of  a 
bullet  which  has  been  blunted  at  the  point  by  impact  with  some  object 
before  entering  the  body,  but  without  materially  lessening  its  sectional 
density,  and  both  cases  illustrate  the  noninfection  of  wounds  by  deformed 
bullets. 

Cane  1. — Deformed^  Mauser  huUet  lodged  in  leg;  aseptic  wound;  localisation  hy 
Rontgen  ray;  rem.oval. 

Ralph  Barkman,  private,  Company  K,  Second  Massachusetts  Volunteer  Infantry, 
wounded  July  1, 1898,  by  two  bullets,  one  of  which  passed  through  the  left  arm,  shat- 
tering the  humerus;  the  other  entered  the  left  leg,  at  the  outer  surface,  upper  third, 
and  lodged.  The  patient  was  transferred  from  the  field  hospital  to  the  Reliefs  where 
Rontgen  examination  located  the  bullet  behind  the  tibia,  3 inches  above  the  ankle 
joint  (Plate  III).  The  bullet  was  removed  and  it  (No.  4,  Plate  II)  and  the  radiograph 
show  that  the  missile  had  been  blunted  at  the  point,  from  impact  with  some  other 
object,  before  entering  the  leg.  The  wound  of  entrance  was  small  and  not  infected. 
There  was  marked  discoloration  of  the  skin  from  the  entrance  wound  downward, 
by  which  the  course  of  the  bullet  could  easily  be  traced. — Case  report  compiled  from 
records  in  Surgeon-  General)  s Office. 

Case  — Deformed.,  Mauser  hullet  lodged  in  thigh;  aseptic  wound;  localisation 
hy  Rontgen  ray;  removal. 

Augustus  Snoten,  private.  Company  C,  Twenty-fourth  United  States  Infantry, 
wounded  July  1,  1898,  by  a Mauser  bullet,  which  entered  at  the  anterior  and  outer 
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surface,  middle  third,  right  thigh.  The  patient  was  transferred  to  the  Reliefs  where 
a inuch-defonned  l)ullet  was  located  by  Rontgen  ray,  partially  behind  the  femur, 
some  distance  lower  down  the  limb.  It  was  removed,  when  it  was  found  to  be  greath' 
deformed  from  lateral  impact,  the  casing  being  .split  and  the  body  of  the  bullet 
concaved  and  liattened  (Plate  II,  No.  5.). 

The  wound  of  entrance  was  small  and  uninfected  and,  despite  the  deformed 
missile  by  which  it  had  been  made,  pre.sented  nothing  in  appearance  different  from  an 
entrance  wound  made  by  an  undeformed  bullet. — Cme  report  compiled  from  records 
in  Surgeon-  Genend^s  Ofice. 

It  would  1)6  supposed  that  bullets  which  had  struck  other  objects  and  had 
been  deformed  l)efore  entering  the  body,  would,  from  their  jagged  and 
irregular  form  and  lowered  velocity,  be  more  likely  to  carry  infection  into 
a wound  than  undeformed  bullets  which  struck  the  body  without  ha\dng 
ricocheted.  There  are,  however,  but  t)vo  cases  reported  of  infection  by 
deformed  Mauser  Inillets,  tliough  prol)al)ly  many  others  occurred.  The  fact 
that  so  few  cases  of  infection  were  reported,  as  arising  in  this  way,  tends  to 
show  that  infection  so  caused,  is  not  as  common  as  would  l)e  supposed.  In 
one  of  the  infected  cases  reported,  the  large  size  of  the  wound  and  its 
location  in  the  sole  of  the  foot  would  make  it  particularly  liable  to  infection. 
In  the  other  case,  the  bullet  was  greatly  deformed  and  liad  lodged  very 
superticially. 

Case  3. — Deformed^  Mnuser  hidlet  lodged  supe'ifclnUy  in  knee:;  tooxmd  slightly 
iifected;  localization  Inj  Rontgen  ray;  removal. 

Samuel  Davis,  private.  Company  L,  First  United  States  Volunteer  Infantry, 
wounded  July  1 b}^  a ricochet  ball,  which  entered  and  lodged  superffcially,  behind 
the  internal  condyle  of  the  left  femur.  The  patient  was  transferred  to  the  Relief 
and  the  bullet  (No.  7,  Plate  II),  the  whole  point  of  which  had  been  carried  away  by 
ricochet,  was  located  (Plate  IV)  by  the  Rontgen  ray  and  removed.  The  wound  of 
entrance  was  infected,  l)ut  healed  readify  under  antiseptic  dressings. — Case  report 
compiled  from  records  in  Surgeon-  Generali's  Ofice. 

Case  If.. — Deformed.,  Mauser  Indict  lodged  in  foot;  septic  v.'ound;  localization  hy 
Rontgen  ray;  removal. 

John  N.  Taylor,  private.  Company  B,  Twelfth  United  States  Infantry,  was 
wounded  July  1 by  a Mauser  bidlet,  which  passed  through  the  sole  of  his  shoe  and 
entered  the  bottom  of  the  left  foot,  directly  below  the  arch.  The  wound  was  (piite 
large  and  irregular  in  shape  and,  on  that  account,  was  thought  to  have  been  made  by 
a fragment  of  shell,  until  the  Rontgen  ray  disclosed  a Mauser  bullet,  with  an 
indentiition  near  the  point,  lying  directly  beneath  the  cuboid  bone,  in  a line  with  the 
second  metatarsal  bone  (Plate  XIII).  The  wound  was  infected  and  suppuration  set 
in.  The  patient  was  transferred  to  the  Relief  and  then  to  Washington  Barracks, 
I).  C.,  where  the  l)idlet  was  removed  December  2*!,  1898,  and  the  patient  returned  to 
duty  shortly  afterward. 


PLATE  IV. 
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Case  3,  Section  II. — Samuel  Davis,  private,  Company  L,  First; 
U.  S.  Volunteer  Cavalry. 

Uadiograpli  of  left  knee,  viewed  from  the  inner  side,  showing  a Mauser 
bullet,  deformed  by  ricochet,  lodged  behind  the  internal  condyle.  As  the 
radiogra})h  was  taken  through  the  dressings,  a pin  and  the  mottling  due  to 
the  iodoform  gauze  are  also  shown. 


PLATE  IV 


THE  HELIOTYPE  PRINTING  CO..  BOSTON. 


PLATE  V. 


PLATE  V. 

Case  6,  Section  II. — William  A.  Cooiier,  private,  Company  A,  Tenth 
United  States  Cavalry. 

Radiog-raph  showing-  undeformed  Manser  bullet  lodged  in  right  tliigh. 
The  view  is  fi-om  the  posterior  siirface  and  the  bullet  lies  at  nearly  a right 
angle  to  its  line  of  entrance. 


PLATE  V 
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From  its  resistance  to  external  violence,  the  compound  bullet  is 
probably  frequently  ricocheted  without  becoming’  deformed.  In  many 
cases,  the  bullet,  from  its  irregularity  of  flight,  may  produce  extremely 
jagged  wounds,  as  in  the  case  next  given,  or  may  enter  the  body  butt  end 
first,  and  the  radiograph  or  extraction,  alone,  show  that  ricochet  had 
occurred. 

Cane  5. — Mauser  Imllet  lodged  in  chest;  fracture  of  clavicle;  lacerated^  septic 
wound;  localization  hy  Rontgen  ray;  hullet  not  removed. 

John  R.  Keen,  private,  Troop  L,  First  United  States  Volunteer  Cavalry,  was 
wounded  June  24,  by  a Mauser  bullet,  which  entered  over  the  clavicle  at  the  junction 
of  its  outer  and  middle  thirds.  No  wound  of 
exit.  The  entrance  wound  was  about  3 inches 
long  and  so  lacerated,  that  it  was  thought  that 
the  injury  had  been  done  by  a fragment  of  a 
shell.  The  patient  was  transferred  to  the  gen- 
eral hospital.  Key  West,  Fla.,  where  fluoro- 
scopic examination  showed  a Mauser  bullet 
just  back  of  the  left  border  of  the  sternum  at 
the  second  intercostal  space,  lying  at  an  angle 
to  the  line  of  entrance  (flg.  3). 

The  large  size  and  lai’ceration  of  the  ex- 
ternal wound  indicated  that  the  ball  had  rico- 
cheted and  had  struck  the  body  while  oscillat- 
ing or  while  turning  on  its  long  axis.  As  the 
clavicle  was  badly  shattei’ed  and  the  wound 
much  inflamed  and  suppurating,  the  wound 
was  thoroughly  cleansed  under  antesthesia  and 
all  loose  fragments  of  bone  removed.  The 
wound  healed  very  slowly  and  a small  sinus 
still  existed  when  the  patient  was  transferred  pjQ  3_ — Course  and  location  of  bullet  in 
to  New  York,  August  23.  There  he  was  ad-  case  of  Private  John  R.  Keen,  Troop  L, 

mitted  to  the  Roosevelt  Hospital,  where  Dr.  First  United  States  Volunteer  Cavalry. 

Robert  Abbe  took  a radiograph,  which  located 

the  bullet.  The  patient  was  anaesthetized,  the  wound  thoroughly  cleansed,  and  the 
bullet  searched  for  with  a telephonic  probe,  passed  through  the  front  wall  of  the 
thorax,  3 or  4 inches  deep,  twenty  or  thirty  times  in  the  location  of  the  bullet,  as 
shown  by  the  radiograph,  but  no  result  was  obtained.  In  reporting  the  case.  Dr. 
Abbe  gives  his  opinion,  as  a result  of  his  trial  of  the  telephonic  probe,  that  it  is  unre- 
liable, and  can  not  be  compared  with  the  Rontgen  ray  for  locating  lodged  missiles. 

The  following  cases  illustrate  displacement  of  the  bullet  from  the  line 
of  its  course,  either  from  pressure  of  neighboring  tissues,  or  from  muscular 
action,  or  from  impingement  of  the  missile  against  some  resistant  tissue 
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just  as  the  bullet  comes  to  rest.  Other  similar  cases  are  shown  in  Plates 
V,  and  XXXVII,  and  case  6,  Section  V. 

Cat^e  0. — Multiple  'wounds^  all  meptic;  Mauser  hullet  lodged  in  thigh,'  locali- 
zation l>y  Rbntgen  ray;  removal. 

William  A.  Coopei’,  Compain"  A,  Tenth  United  States  Cavalry,  struck  lyy  a 
Mauser  bullet  (No.  1.  Plate  II).  which  entered  the  left  breast,  pas-sed  superticially 

through  the  anterior  thoracic  wall,  and  passed 
out  to  the  right  and  2 inches  above  the  um- 
bilicus, then  entered  the  right  thigh  at  its  an- 
terior third  and  lodged  (tig.  -I). 

The  wounds  were  all  uninfected.  The 
patient  was  transferred  to  the  Relief,  where 
a radiograph  was  taken  (Plate  V),  which 
showed  the  bullet  several  inches  below  the 
entrance  wound,  lying  nearly  at  a right  angle 
to  its  course  of  entrance.  The  bullet  w'as 
removed  and  prompt  recovery  resulted. — 
Case  report  comgnled  from  records  in  Sur- 
geon-GeneraVs  Office. 

The  case  is  interesting-  not  only 
from  the  displaced  position  of  the  bul- 
let, but  from  the  noninfection  of  the 
second  wound  of  entrance  by  the  bullet 
which  had  passed  not  only  through  the 
clothing  but  twice  through  the  skin. 

That  the  Mauser  bullet  may  rico- 
chet, remain  undeformed,  and,  having 
turned  end  for  end,  enter  the  body  butt 
end  foremost,  is  shown  by  several  cases 
in  which  the  bullet  lay  in  a reversed  })o- 
sition  in  the  part.  This  reversed  posi- 
tion of  the  bullet  has  been  present  in 
quite  a large  number  of  cases  seen  by 
the  writer,  the  occurrence  being  so  com- 
mon as  to  lead  him  to  believe  it  an  ordi- 
nary result  of  ricochet  impact,  and  con- 
sequently, a fre(]uent  accompaniment  of 
lowered  velocity  and  lodgment  of  the 
ball.  In  case  13  of  tliis  section,  the  I)ul- 
let  lay  butt  end  foremost  in  the  wound,  and  the  same  position  was  present 
in  cases  9,  and  11,  Section  IV,  and  case  1,  Section  V. 


Fig.  4. — Course  and  position  of  bullet  in  case 
of  Private  William  A.  Cooper,  Company 
A,  Tenth  United  States  Cavalry.  «,  First 
wound  of  entrance;  h,  wound  of  exit; 
c,  second  wound  of  entrance;  </,  position  of 
bullet. 
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PLATE  VI. 

Lodged  shrapnel  bullets  (natural  size),  located  by  the  Rontgeii  ray  and 
removed  by  operation.  These  bullets  show  slight  deforniatioii,  probably 
produced  at  the  time  of  explosion  of  the  case  in  which  they  were  contained, 
and  not  due  to  ricochet.  From  the  low  velocity  of  the  shrapnel  ball,  it 
probably  seldom  ricochets  with  sufficient  force  to  produce  penetrating 
wounds. 


PLATE  VI. 


LODGED,  SHRAPNEL  BULLETS. 
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The  shrapnel  bullet,  used  by  the  Spaniards,  was  a round,  soft  lead 
bullet,  measuring  1.25  centimeters  in  diameter,  and  weighing  a little  over 
11  grams.  (Plate  VI.) 

As  the  velocity  of  these  bullets  is  only  that  of  the  bursting  charge  of 
the  shrapnel,  plus  some  of  the  initial  velocity  of  the  shell,  their  velocity 
is  comparatively  low,  and  these  missiles  belong  to  the  large  caliber,  low 
velocity  type.  Theoretically,  wounds  produced  by  these  missiles  should 
differ  materially  from  those  produced  by  the  small-caliber  bullet.  Practi- 
cally, there  was  not  so  marked  a difference  as  would  have  been  expected, 
for,  in  the  reported  cases,  the  wounds  which  had  been  given  a primar}'  dress- 
ing with  the  first-aid  packet  generally  healed  as  I'eadily  as  those  made  by 
the  Mauser  bullet.  Also,  reported  cases  show  that  in  many  instances,  neither 
by  the  appearance  of  the  entrance  wound  or  the  sensation  of  the  wounded 
man,  could  the  nature  of  the  missile  be  determined.  In  consequence,  many 
cases  of  penetrating  wounds  by  shrapnel  bullets  were  thought  to  have 
been  made  by  Mauser  bullets,  until  the  Rontgen  ray  or  removal  of  the 
missiles  showed  them  to  be  shrapnel. 

These  cases  are  of  special  clinical  value,  as  they  show  that  wounds 
made  by  the  larger  lead  bullets,  when  uninterfered  with  and  treated  by 
occlusive  dressings,  are  usually  aseptic  and  run  favorable  courses. 

Case  7. — Shra/pnel  hall  lodged  in  neck;  aseptic  'wound;  I oc<dizatlon  hy  Rontgen 
ray;  removal. 

George  A.  Harper,  private.  Company  E,  Thirteenth  United  States  Infantry, 
was  wounded  July  1,  by  a shrapnel  ball  which  entered  the  back  of  the  neck,  half  an 
inch  to  the  left  of  the  second  cervical  spine.  The  wound  was  dressed  with  the  first- 
aid  packet  and  the  patient  was  transferred  b}^  the  steamer  froguois  to  the  general 
hospital.  Key  W est,  Fla.  When  admitted  to  the  hospital,  the  wound  of  entrance 
was  aseptic  and  so  small  that  there  was  nothing  to  indicate  that  it  had  been  made 
by  other  than  a Mauser  bullet,  and  the  patient  himself  believed  that  he  had  been 
wounded  by  that  missile. 

The  huoroscope,  however,  showed  that  it  was  a shrapnel  ball,  and  it  was  removed 
July  16,  from  beneath  the  anterior  edge  of  the  sterno-mastoid  muscle,  2 inches 
below  the  lower  end  of  the  mastoid  process.  Though  made  by  a shrapnel,  the 
wound  track  was  not  infected,  the  wound  of  operation  healed  by  first  intention,  and 
the  patient  was  well  when  furloughed  August  6. 

Case  8. — Shrapnel  hall  lodged  in  hack  ; aseptic  wownd ; localization  hy  Rontgen 
ray ; removal. 

Heniy  E.  Conover,  private.  Company  E,  Ninth  United  States  Infantry,  was 
wounded  in  the  left  shoulder  July  1,  the  bullet  entering  1 inch  above  the  clavicle,  at 
6618 1 
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the  junction  of  the  outiu-  and  middle  thirds  of  the  bone. 
'I'he  wound  was  dressed  with  the  first-aid  di'es.sino'  and  the 
])atient  was  transferred  to  tlie  o-cneral  liospital.  Kev  West. 
Fla.,  whei'e  fluoroscopic  examination  was  made,  but  the 
bullet  could  not  be  located.  A static  machine  was  used  at 
Key  West,  and,  owing  to  the  gnait  humidity  of  the  aii'  at 
that  place,  the  apparatus  failed  to  produce  .sufficient  light 
to  penetrate  the  thicker  parts  of  the  l)ody.  For  that  rea- 
son. lodged  bullets  could  not  be  located  in  some  cases 
while  at  that  hospital. 

On  admission  to  the  hospital,  the  wound  was  small 
and  aseptic,  healed  (juickly,  and  from  its  appearance  it  was 
thought  to  ha\'e  been  made  b_v  a small-caliber  bullet.  The 
patient  complained  of  pain  in  the  region  of  the  shoulder 
blade,  but  had  no  other  symptoms.  He  was  furloughed 
,\.ugust  (),  but  on  rejoining  his  regiment  at  the  expira- 
tion of  his  furlough  he  found  it  difficult  to  handle  a gun, 
and  was  sent  to  the  general  hospital  at  Washington  Bar- 
racks, D.  C.  The  Indlet  was  located  just  beneath  the  pos- 
terior border  of  the  left  scapula.  The  radiograph  showc'd  it  to  be  a shra])nel  (Plate 
Vn  and  tig.  5). 

The  bullet  was  removed  December  d,  18‘J8,  the  w^ound  healed  by  first  intention, 
and  the  }>atient  returned  to  duty  six  days  later.  In  this  case  the  wound,  though 
made  by  a shrapnel,  was  entirely  aseptic  and  remained  so  until  the  bullet  was 
I'cmoved,  five  months  aft('r  receipt  of  the  injury.  .\t  the  operation,  the  tissue  about 
the  bullet  wound  showed  no  evidence  of  inffiimmation.  and  the  bullet  wus  ])roducing 
trouble  only  through  friction  in  movements  of  the 
shoulder. 


location  of  slirapnel  bullet, 
<t,  in  the  case  of  Private 
Henry  E.  Conover,  Com- 
pany E,  Ninth  pTiited 
States  Infantrv. 


C((!<e  f).  — ShrapiK'l  htdlet  'H'oiuul  left  groin 


(csej^tic 

moved. 


'mound;  localization  Inj  Rontgen  fag . 


re- 


Jt'rcmiah  Itutlcr,  corjtoral,  Comjtany  C,  Si.x- 
teenth  United  States  Infantry,  was  wounded  July 
I,  by  a Inillet,  which  entered  the  groin  2 inches  to 
tlu'  left  of  the  root  of  the  ])enis.  From  the  tippear- 
anc('  of  the  wound,  the  Indlet  was  thought  to  have 
bi>en  a Mauser  :ind  the  wound  was  dressed  tvith  the 
lirst-aid  dressing,  ddie  ptitient  was  .sent  from  San- 
tiago to  F\)rt  MePlu'rson,  Gra.,  where,  by  ('xamina- 
tion  with  the  fluoroscope,  the  bullet  was  located 
deep  in  the  left  thigh,  about  8 inches  l>elow  the 
lesser  trochanter.  As  the  (>xamination  could  b(> 
mad('  only  from  before  backward,  the  round  shadow 
thrown  by  tlu'  ball  caused  the  examimu-  to  think 
the  bullet  a Mauser  lying  end  on.  Afterwards, 


Fui.  t), — Diagram  i-xplanatorv  of 
Plate  Vlll,  showing  location  of 
bullet  in  the  ca.se  of  .lemniah 
Hutler,  corporal  (’onii)any  C,  Six- 
teenth Ignited  States  Infantrv. 
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(Tvse  8,  Section  II  — IIellr^■  E.  Conover,  })rivate,  Com|)any  E,  Ninth 
United  States  Infantry. 

Hadiop’aph  of  the  left  shoulder,  viewed  from  tlie  l)ack,  sliowin<>- 
sln-a])nel  bullet  lodged  just  behind  the  internal  bordei’  of  the  scapnla. 
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the  patient  was  transferred  to  the  general  hospital,  Washington  Barracks,  D.  C. 
On  admission,  there  was  no  evidence  of  inllammation,  but  the  patient  coniplaiiu'd  of 
pain  extending  down  the  limb,  and  he  walked  with  a limp.  A radiograph  was 
taken,  which  showed  the  bullet  to  be  a shrapnel  (Plate  VIll  and  tig.  6). 

In  the  operation  for  removal  the  bullet  was  found  embedded  in  the  tissues  in 
close  proximity  to  the  sciatic  nerve,  thus  explaining  the  pain  and  disaliility.  The 
patient  recovered  without  event  and  was  returned  to  duty  a few  days  after  operation. 

When  subjected  to  operative  treatment  in  the  field  liospitals  under  con- 
ditions not  strictly  aseptic,  wounds  by  the  shrapnel,  like  those  b}'  other 
missiles,  generally  become  infected. 

Case  10. — Shrapnel  hall  lodgadin  a„e.llla;  'inoaiid  explored,  at  fi'<‘ld'  Jtoxpdal ; -^uja 
puratior;  I occdizalion  hij  Roatgen  ray,'  removal. 

Patrick  McDonnell,  private,  Compan}^  F,  Sixteenth  United  States  Infantiy, 
was  wounded  ,Tulv  1,  by  a shrapnel  bullet  which  entced  2 inches  below  the  right 
acromion  process.  No  wound  of  exit.  An  unsuccessful  attempt  was  made  in  the 
field  hospital  to  remove  the  bullet.  Suppuration  occurred,  and  an  incision  for  drain- 
age was  made.  The  patient  was  transferred  to  Fort  McPherson,  thence  to  the 
general  hospital,  Washington  Barracks,  D.  C.  Suppuration  ceased  and  the  wound 
healed.  Radiograph  disclosed  bullet  lying  in  the  axilla  beneath  the  neck  of  the 
scapula.  Operation,  under  ether,  December  7,  the  l)ullet  removed.  Wound  healed 
by  first  intention  and  patient  returned  to  duty  January  ^0,  189!». 

Case  11. — Shrapnel  hall  lodged  sa2)erficially ; septl.e,  'tround;  localization  Inj 
Rontgen  ray;  rernond. 

William  T.  Earle,  private.  Company  G,  Sixth  United  States  Cavalry,  wounded 
July  1,  l)y  a shrapnel,  which  entered  and  lodged  just  above  the  superior  iliac  spine, 
left  side.  The  wound  was  dressed  and  the  patient  transferred  to  the  Relief.  Radio- 
graph showed  bullet  lodged  just  above  point  of  entrance.  The  wound  was  probablv 
infected,  for  slight  suppuration  and  necrosis  of  the  ilium  was  noticed  at  the  Long 
Island  College  Hospital,  where  the  patient  was  transfen-ed  from  the  Relief.  The 
wound  eventualb"  healed  and  the  patient  was  returned  to  duty.  — Case  rep>ort  compiled 
from  records  of  Surgeon- Generurs  Ojf.ce. 

LODGED,  BRASS-JACKETED  BULLETS. 

The  Spanisli  regular  troops  were  armed  exclusively  with  the  ]\rauser, 
but  some  of  the  irregular  troops  were  armed  with  the  Remingtou  of  .41 
caliber,  carrying  a bullet  having  a brass  jacket  and  soft  lead  core,  ddiis 
bullet  was  easily  deformed,  the  jacket  lieiiig  much  less  resistant  to 
deforming  violence  than  the  nickel-steel  jacket  of  the  Manser  (Plate  IX). 

In  consequence  of  its  large  size  and  deformabilit}',  this  missile 
frequently  produced  wounds  of  considerable  size — wounds  either  originalh" 
infected  or  extremely  liable  to  become  so. 
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A sulMcient  iiuniber  ut  Koiitoen-i-av  cases  of'  wounds  hv  this  l)ullct 
wciv  not  reported  to  enal)le  any  <^eneral  conclusions  to  l)c  drawn  relative 
to  its  action  when  penetrating',  ddie  cases  reported  were  infected  and  their 
histories  are  given  under  Cases  18,  and  14,  Section  I\*,and  ('ase  5,  Section  V. 

INJURIES  TO  THE  CENTRAL  NERVOUS  SYSTEM  BY  PENE- 
TRATING MAUSER  BULLETS. 

In  gunshot  injury  of  the  spinal  cord  or  brain,  where  the  bullet  is 
lodged,  it  becomes  iui])ortant  to  ascertain  whether  the  symptoms  are  due 
to  the  original  traumatism  or  to  ])ressure  from  the  ball.  In  the  late  war,  but 
three  cases  where  the  Rtiutgen  ray  was  used  were  reported  which  came 
under  this  class,  l)ut  these  cases  were  of  marked  clinical  interest. 

Two  of  these  cases  were  of  injury  to  the  spinal  cord,  and  in  one,  the  brain 
was  wounded.  In  the  cord  cases,  localization  of  the  embedded  bullets  by 
Kontgen  ray  demonstrated  that  the  symptoms  were  due  to  the  original 
traumatism  and  not  to  the  ])resence  of  the  bullet.  The  brain  case  is  of 
interest  from  the  full  histoi'N'  which  is  given  of  the  ])atient’s  condition,  the 
bullet  being  still  embedded  in  the  brain  at  the  time  the  I'eport  was  rendered. 

f'(iKe  12. — injury  of  the  cord ^ Mamtr  Indh  t lodyvd  in  hack;  l<K-aIiza- 
tion  hy  liontyen  ray;  reiiior(d;  diacharye  for  dimhUity. 

C.  .liUHCs  Edwtirds.  private,  Hospital  C'orps,  wounded  at  Malate,  Philippine 
Islands.  July  81.  1S!»8.  Bullet  entered  at  a i)oint  over  the  middle  of  the  left  deltoid 
mu.sele.  opposite  the  surgical  neck  of  the  humerus.  At  the  time  of  the  casualty,  the 
arm  was  dellected  from  the  thorax  at  an  angle  of  about  tiO  degrees.  There  was  no 
wound  of  (‘xit.  Imim'diately  upon  receipt  of  the  injury,  the  patient  fell  to  the 
ground,  and  there  was  complete  paralysis,  involving  both  the  upper  and  lower 
extremities,  lie  was  removed  to  the  hospital,  soon  became  uncoiuscious  and  remained 
,so  for  two  days.  There  was  no  di.scov('rable  active  hemorrhage  or  fnicture.  Retlex 
functions,  .so  far  as  it  is  ])o.ssible  to  ascertain,  were  entirely  ab.sent  Ixdow  that  portion  of 
the  spiiK'  where  tin*  injury  wassuppo.sed  to  be.  'fhei'e  was  rectal  and  vesicle  paralysis. 
After  an  interval  of  thri'c  weeks,  duiing  whii-h  time  there  was  no  improvement,  he 
began  to  regain  control  of  his  arms.  progn'.ssive  change  for  tlu'  better  was  inaugu- 
rated. followed  l)V  I'artial  restoration  of  power  of  movement.  ('oiu|)lete  .sensibility, 
both  as  to  i)ain  and  temperature,  returned  to  tin*  light  half  of  the  body.  He  was 
tiansfiured  to  the  division  hospital,  Pi'esidio,  San  Prancisco,  (’ah.  October  '2'2,  18h8. 
At  that  time  he  was  alile  to  walk,  l»ut  with  griait  ditliculty.  On  his  arrival  at 
Presidio  tlau'c  was  a loss  of  electro-t'ontractility  as  to  .sensibility  in  the  left  arm,  fore- 
arm and  hand,  left  half  of  tin*  thorax,  left  half  of  the  atulomen  and  left  leg  and  foot. 
I'here  was  loss  of  .sense  of  temperature  over  this  ai'ea.  'I'actile  .sense,  however, 
was  gc'iierally  pre.sent.  ,V  ))artial  paralysis  of  the  si)hincter  ani  and  vesica*  persisted. 
Knt'e  jeik  increased  on  right  side,  feebly  pre.sent  on  left  side.  Motion  of  the 


PLATE  VIII. 


PLATK  VTII. 

Cask  i).  Section  II. — Jeivniiah  Hutler,  corporal,  Conipany  C,  Sixtcciitli 
Cnited  States  Infantry. 

Uadioo-rapli  of  left  tlil«li,  viewed  from  the  jio.sterior  surface,  sliowinji' 
shrapnel  hnllet  Indeed  deejily  in  the  thij^h  about  3 inches  below  the  lesser 
trochantca-.  'I’lie  dee])  location  of  the  ball  is  indicated  by  its  dimness  of 
outline  and  tiu*  lack  of  contrast  between  it  and  the  surroundine-  jiarts. 
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1>LATK  IX. 


Lodged, 
deformed  by 


l)rass-)acketed  l)ullets,  natural  size.  The  bullets  have  been 
rieoeliet,  one  having'  the  jacket  entirely  stri])])ed  oil. 
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PLATE  X. 


PLATE  X. 

(’ase  12,  Section  II. — Jainc^  Edwards,  private.  Hospital  Corps. 
Kadioorapli  of  cdiest,  viewed  from  the  Iiaek,  showing-  lodj^ed  Manser 
l)iillet,  whitdi  has  jiassed  through  the  spine,  Iving’  2 inches  to  the  right  of  the 
s))iiu*  ov(*r  the  third  intercostal  space. 


PLATE  X 


GUNSHOT  OF  CENTRAL  NERVOUS  SYSTEM. 
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extremities  was  almost  completely  restored.  Symptoms  in  reference  to  the  brain, 
negative.  Sexual  power  and  desire  almost  nil.  No  ankle  clonus.  No  irregularity 
in  any  of  the  internal  organs,  but  a languid  and  sluggish  condition,  lacking  the 
power  of  vigorous  action. 

.January  2,  1899,  motion  now  only  slightly  impaired  in  left  upper  and  left  lower 
extremity.  Coordination  of  muscles  virtually  normal.  Power  of  muscles  is  inhibit('(l 
in  right  leg.  Electro-contractility  absent  in  the  left  lower  extremity,  extending  from 
the  crest  of  the  ilium  to  the  planter  surface  of  the  foot.  There  is  also  loss  of  the 
sensation  of  temperature  over  this  area.  Sensibility  completely  absent  in  the  left  leg 
and  foot.  Mobility  absent  in  the  left  foot.  Micturation  and  defecation  disturbances 
are  still  present.  -Sexual  power  is  diminished,  but  desire  is  normal.  As  far  as  he 
can  remember  there  has  been  a constant  dull  pain  in  the  back,  in  the  region  of  the 
third  intercostal  space,  an  inch  and  one  half  to  the  right  of  the  spinous  process  of  the 
third  dorsal  vertebra.  Radiograph  (Plate  X) 
shows  a lodged  Mauser  bullet  at  the  point 
where  the  pain  al)ove  mentioned  exists.  Bul- 
let was  extracted  March  7,  1899,  and  as  the 
patient  remained  disqualified  for  military 
service,  he  was  finally  discharged  on  account 
of  impairment  of  mobility  of  right  leg  and 
thigh,  and  loss  of  sense  and  contraction  of 
the  left  leg. — Case  reported  hy  May.  W.  S. 

H.  Surgeon.,  U.  S.  Voh. 

In  the  following  case,  spinal  injury 
was  caused  b}"  depressed  fragments  of 
bone.  Localization  of  the  bullet  showed 
that  the  missile  was  producing  no  ill  ef- 
fect in  the  tissue.  Laminectomy  was 
done  and  recovery  followed.  The  posi- 
tion of  the  bullet,  butt  end  foremost  in 
the  tissues,  makes  it  probable  that  the 


missile  had  ricocheted  before  entering 


the  body. 


Fu;.  7. — Diafiraiii  i.ho\viiig  wound  of  entrance, 
«,  and  position  of  bullet,  h,  in  the  ca.se  of 
Edward  ^lanshall. 


Case  13. — Edward  Marshall,  reporter,  wounded  at  La  Quasimas,  JuL  hy 
Mauser  bullet,  which  entered  the  back,  1 inch  to  the  left  of  the  spine  at  level  with 
the  sacro-lumbar  articulation.  Complete  paralysis  of  the  lower  extremities  and  loss 
of  sensation  followed  the  receipt  of  the  injury.  Patient  was  transferred  north  on 
the  Olivette.,  and  entered  the  Roosevelt  Hospital,  New  York  City,  where  he  came 
under  the  care  of  Dr.  Robert  Abbe.  Dr.  Abbe  took  a radiograph  of  the  case, 
which  located  the  missile  lying  butt  end  foremost,  1 inch  to  the  right  of  the  first 
lumbar  vertebra  and  deeply  placed  in  the  neighborhood  of  the  renal  vessels  (Fig.  7). 

The  position  of  the  bullet  precluded  the  possibility  that  the  symptoms  were 
due  to  the  pressure  from  the  missile.  Dr.  Abbe  did  a laminectom3"  and  removed  all 
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(Icpicsscd  fni^'’iin‘nts  of  Ixmc  which  Wi-i'c  picssiii}^  on  the  spinal  coni.  'I'lie  bullet 
was  not  l•eIno\■e<l. 

'riie  next  case  is  of  intei'est,  in  that  it  slutws  the  I'esnlt  <»f  a o-iinshot 
wound  of  tlie  l)rain,  the  bullet  hein<»-  iinrenioved,  and  what  slijrht  di.sabilitv 
and  how  few  iinportant  oi’  disturbing-  syniptonis  may  i)ersist  as  a result  of 
lodirenient  of  a sniall-calibt'r  bullet  iu  the  l»raiii. 


f ’n.srlJf.. — 'J\:ni'trilfhnj.  MdU-'irrhullct  O'OUikI  ofhrdlu  ; d'odvd  d.'n  ptir;  hdUrt  nut  rcinnrril. 

John  (iretzer,  jr.,  private'.  Company  1),  First  Neleraska  Volunteer  Infantry, 
wounded  at  long  range,  March  27.  at  Mariboa,  Rhiliiepino  Islands,  by  a Mauser 

bulh't  entering  cavity  of  cranium,  throe-fourths  of  an  inch  above  the  supraorbital  ridge 
and  one-fourth  of  an  inch  to  the  loft  of  the  median  line,  'fhere  was  total  lo.ss  of 
consciousness  during  first  few  hours  following  reeoi])t  of  the  traumatism,  with  the 
excc'ption  of  a few  short  int('r\;als  of  soniiconsciousness.  at  whieh  time,  exci-ueiating 
pain  in  the  head  was  experienced,  'fhe  patient  was  taken  to  the  First  Ri'si'rve  IIos- 
])ital  at  .Manila,  where  he  laid  in  bed  for  about  four  weeks.  Mdiile  in  l)ed.  he 
sutl'ei-ed  ('xtn'melv  fi'om  pain  in  the  head,  most  severe  the  first  three  days,  moderat- 
ing slightly  at  the  end  of  the  fifth  week,  bi'coming  intermitU'iit.  greatly  exaggerated 
on  ('X('rtion,  l)v  heat,  and  ('specially  direct  rays  of  the  sun.  ex])osure  to  which  caused 
him  to  reel,  staggi'r,  and  almost  lose  conseiousne.ss.  At  the  present  time  (.Vugust. 
bsii'.l).  is  still  (piit('  susceptible  to  dii-ect  rays  of  the  sun.  First  few  days  of  illiu'ss 
W('re  mark('d  l)V  ('xtreme  nausea  and  persistent  vomiting;  the  slightest  thing  taken  in 
lh('  stomach  would  l)e  ri'jecti'd.  The  pain  in  the  head  increased  the  severity  of  these 
attacks.  During  eai  lv  weeks  of  illness  any  exertion  of  the  brain,  as  reading,  cau.sed 
pain  in  back  of  ('V('s  and  v ertex  of  the  lu'ad. 

Ib'turiH'd  to  San  Francisco  with  his  regiment  in  .\ugiist.  ISit'.t.  Radiograph 
tak('ii  .Vugust  2(1,  showed  Mauser  bullet  embedded  in  left  occi])ital  lolu'  (IMate  XI). 
(b'lK'ral  condition  good,  as  shown  l)V  photograph  (Fig.  S). 

Condition.  Octolu'r  1.  six  months  aftc'r  receipt  of  the  injury:  Occasionally 

has  ])ain  in  the  lumbai'  r('gion.  and  (l('.seril)es  it  as  beinga  “catch,”  lasting  alxuit  five 
minutes  at  a time.  Rain  in  the  head,  when  iiresent,  is  located  a litth'  anterior  to 
parietal  ('miiu'nce  on  h'ft  side.  There  is  no  history  of  lo.ss  of  jiower  on  either  side, 
but  a weakiK'.ss  is  appi('ciat('d  in  the  right  arm  and  leg,  and  a slowiu'ss  in  response 
to  iiK'iital  impulse'.  'I'his  last  is  demonstrated  in  the  act  of  writing:  though  the 
thought  is  |)('rf('ctly  ch'ai',  there  is  a slowne.ss  in  the  forming  of  the  words. 

Voice:  Rati('iit  (lid  not.  to  his  knowledge,  exercise  this  function  for  tir.st  two 
days  of  illiK'ss,  but  on  lii'ginning  to  do  so,  noticed  a slight  confusion  of  ideas,  it 
iii'ing-  ncc('.ssary  to  lirsl  ch'arly  fix  a thought  liefore  giving  exiiri'ssion.  There  was 
also  temporary  loss  of  |)ower  to  n'call  past  events  and  names  of  eompanions.  This 
l•t'turncd  with  full  cleariH'ss  at  other  times.  ,V  slight  confusion  still  remains. 

Fyc  : Rain  Itack  of  left  ('ve  moi('  or  h'ss  .severe,  and  increased  l)v  use,  and 
reli('V('d  by  closing  tlu'  lid.  During  conlini'iuent  to  lu'd  following  injury,  patient 
tested  vision  of  left  ('ve  liy  closing  right.  I'lie  vision  was  clear,  but  slight  weakne.ss 
and  photo])hol)ia  was  notici'd.  Rtosis  c>f  left  ev('  was  mai'kod  during  I'arly  weeks  of 
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illness.  Aperture  is  now  smaller  than  that  of  right  eye.  A slight  diplopia  was  also 
present,  a line  of  printing  appearing  double.  Pupils  are  regular,  hut  left  slightly 
larger.  Reaction  to  light  and  power  of  accommodation  is  noticeably  decreased, 
especially  in  left  eye.  Visual  field  normal.  No  nystagmus. 

Hearing  is  normal.  Sense  of  smell  more  acute  on  light  side.  Sense  of  taste 
more  acute  on  right  side,  the  anterior  two-thirds  of  left  showing  marked  dullness. 


Fig.  8. — Photograph  of  Private  John  Gretzer,  jr.,  Company  D,  First  Nebraska  Volunteer  Infantry, 
taken  live  months  after  receipt  of  injury.  Scar  of  wound  of  entrance  above  left  eye. 

Tactile  sense  seemingly  slightly  dull  on  right  side.  General  sensation  of  right  side 
not  as  acute  as  on  opposite  side. 

Reflexes : Knee  reflex  very  marked  on  right  side,  responding  to  touch  above,  as 
well  as  below  the  joint;  the  contact  from  finger  causing  a disagreeable  tingling 
throughout  the  thigh.  On  left  side,  reflex  is  exaggerated,  but  not  to  such  a marked 
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extent.  \\4'ist  n-tlex  iiiiirked  on  I’ijrlit  side,  eausiny  a ehionie  spasinodie  eontiaetion 
of  the  tinijers.  and  tin*  hands  tinj^lino’.  Ketlex  absent  on  left  side.  Ankle  elonus 
and  patellar  reflex  alt.sent.  Chreinasterie  marked  on  both  sides.  Sphineters 
uninvolved  at  any  period  of  illness;  eoordination  j^ood.  though  a slijrht  uncertainty 
is  felt  on  atteinptinjj  to  walk  with  the  eyi's  elo.sed.  No  epile))tiforin  seizur«‘s.  No 
disturl)anee  of  nutrition  or  Itodily  funetions.  The  patient  afterwards  entered  the 
mail  service  and  returned  to  Manila  on  duty. — Rfportvd  hy  Major  A.  ('.  (rirard. 
lSar(jcO)u  United  Statex  Army. 

GENERAL  CONCLUSIONS  RELATIVE  TO  PENETRATING 

MISSILES. 

Fi-(»m  tlie  toreo-oiny,  it  seems  reasonaljle  to  conclude  tliat  the  compound 
bullet  of  small  caliber  is  not  apt  to  lodye  in  the  tissues  unless  its  velocity 
has  been  great!}'  reduced  by  long-  range,  by  ricochet,  or  by  having-  j)assed 
throuyh  some  obstacle  before  entering-  the  body. 

Kelative  to  infection  of  the  wound,  it  would  seem  probable  that  mi.ssiles 
which  had  struck  some  other  object  before  entering-  the  body  would  be  nuire 
liable  to  be  infected  and  to  ])roduce  infected  wounds  than  those  which  had 
j)assed  through  the  air  only;  and  that  the  small  caliber  bullet,  toward  the 
end  of  its  tlight,  when  traveling-  with  low  velocity,  would  be  extremeh' 
liable  to  carry  foreign  matter,  shi-eds  of  clothing-,  etc.,  into  the  wound  and 
so  infect  it.  In  fact,  that  all  bullets  which  lodge,  would  be  more  likely  to 
produce  infection  of  the  wound  than  bullets  which  have  sutticient  velocity 
to  pass  through  the  part.  ltap})oars,  however,  that  neither  ricochet,  }>assag-e 
throug-h  other  objects,  or  lowered  velocit^'  markedly  increases  the  pi-oneness 
of  the  jac‘ket(*(l  missile  to  produce  infection.  This  is  of  clinical  importance 
in  that  the  lodg-ment  of  a bullet  does  not  necessitate  the  treatment  of 
the  wound  which  it  has  made  as  thoug-h  it  were  an  infected  one.  It 
ap|)ears  that  such  wounds  are  best  treated  by  occlusive  dressings  and  non- 
interference, unless  manifestly  infected  or  some  special  c(mdition  calls  for 
opei-ation.  It  furthe)-  appears  that  large  lead  bullets  of  low  velocit}'  are 
not  as  aj)t  to  make  infected  wounds  as  was  su})posed,  and  that  the  .same 
conclusions  as  to  treatment  hold  with  them  as  with  the  modern,  jacketed 
projectile. 


III. 


THE  LOCALIZATION  OF  LODGED  MISSILES. 

THE  RONTGEN  RAY  AND  WOUND  EXPLORATION. 

The  su[)eriority  of  the  Hoiitg’eii  va}"  over  other  iiietliods  of  locating’ 
lodged  missiles  is  so  great  that,  when  availalile,  it  slioidd  be  used  to  the 
exclusion  of  all  others. 

It  is  a most  distinct  aid  to  conservative  surgery,  in  that,  with  it 
obtainable,  disturbance  of  the  wound  through  immediate  attemjits  to  locate 
missiles  is  usually  unnecessary.  Before  its  introduction,  it  was  fre(}uentl-\' 
thought  requisite  to  follow,  or  attempt  to  follow,  the  track  of  the  bullet 
before  the  track  was  healed,  as  the  only  way  of  locating  a missile  which 
might  produce  subsequent  trouble.  When  the  jirobe,  or  one  of  its 
substitutes,  is  used,  one  of  the  tenets  of  modern  military  surgery,  namely, 
noninterference,  can  not  be  followed,  and  septic  infection  is  made  possible 
or  probable.  With  the  Riintgen  ray  at  hand,  the  surgeon  can  locate  a 
lodged  missile  at  any  time  when  necessity  demands,  and  its  track  can  safely 
be  left  undisturbed. 

The  unreliability  of  the  probe  for  locating  lodged  missiles  is  well 
known.  With  the  probe  it  is  possible  to  follow  only  a small  minority  of 
bullet  tracks.  The  contractility  of  the  tissues  may  interpose  obstacles  to 
its  passage  and  a change  of  position  on  the  part  of  the  patient  may  cause 
such  a shifting  of  muscular  and  fascial  structure  as  to  completeteh'  obstruct 
or  alter  the  path  made  b}^  the  projectile.  In  fact,  a great  majority  of  cases, 
where  the  bullet  has  been  located  Iiy  the  the  Rdiitgen  ray,  show  clearK' 
how  impossible  it  would  have  been  to  determine  the  position  of  the  missile 
by  means  of  a probe. 

Not  only  is  it  difficult  to  follow  the  path  of  the  bullet  with  a ]>robe, 
but,  even  having  done  so,  assurance  that  the  missile  has  been  touched  is 
often  impossible.  The  nickel-steel  jacket  of  the  modern  bullet  leaves  no 
mark  on  the  })orcelain  tiyi  of  a Nelaton  probe,  and  sensation  of  contact  as 
differentiated  between  a missile  and  fibrous  tissue  is  not  sufficienth"  definite 
to  enable  an  examiner  to  determine  that  the  jirobe  is  in  apposition  with  the 
bullet.  Nor  can  the  telephonic  probe  be  relied  upon;  as  is  shown  in  Case  5 
of  the  preceding  section. 
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Hut  Hot  only  is  the  prolx*  unreliable,  but  it  is  a source  of  dau«rer,  even 
when  used  with  all  possible  ase})tic  and  antisej)tic  pi'ecautioiis.  The  ex])eri- 
ments  of  LaUai'de,  Ueloriue,  Ilabart,  and  Faulhaber  have  shown  that  in 
practically  all  bullet  wounds,  ev(*n  those  made  by  the  modern  compound 
bullet,  some  foreiji'n  matter  and  bacteria  an*  carried  into  the  wound,  ddie 
numl)(‘r  of  Itavteria  so  carried  in  are  usually  not  sidlicient  to  produce 
surg’ical  infection  and  subsequent  inflammation  and  suppuration,  pro\nded,  the 
wounds  an-  protected  from  further  infection  and  are  left  undisturbed.  For, 
undoubtedly,  the  factor  of  noninterfenence  with  the  wound  is  of  g-reat 
importance.  No  sooner  is  a traumatism  inflicted  than  natural  processes  are 
br(»ught  into  action  for  protection  and  re])air.  There  is  a local  increase  in 
va.scular  activity,  serum  is  })oured  out,  leucocytes  accumulate,  and  the 
defensive  fact(»rsof  phao’ocytosis  and  serum  bactericidal  action  are  brought 
into  play.  That  these  factors  may  have  Ite.st  op})ortunity  foi-  action,  re.st 
and  nondisturbance  of  the  tissue  are  necessary.  Mechanical  disturbance 
of  the  tissues  by  jn'obes,  by  the  finger,  or  by  instruments  will  produce 
fr(*sh  traumatisms  and  cause  disturbance  of  the  defensive  action  going  on, 
and  these  traumatisms  and  disturbances,  however  slight,  will  favor  growth 
of  the  bacteria  and  add  to  the  defensive  labor  re([uired  (d‘  the  tissues.  So 
that  even  aseptic  or  antiseptic  operative  or  explorative  interference  may 
throw  the  scale  on  the  side  of  the  invading  bacteria  and  lead  to  trouble- 
some or  disastrous  consequences.  For  these  reasons,  and  in  consideration 
of  the  unreliability  and  danger  of  searching  for  a bullet  through  the  wound, 
it  may  be  stated  that  such  search  is  contraindicated,  excej)t  in  cases  where 
the  immediate  danger  from  the  presence  of  the  bullet  is  greater  than  the 
pos.sible  conse(pieuces  which  may  arise  from  interference. 

Fortunately,  cases  re([uiring  immediate  removal  of  lodged  missiles  are 
exiremely  rare,  and  for  all  other  cases,  the  uncertainty  and  danger  of 
exploi-ation  through  the  wound  are  done  away  with  l)y  the  certain  and 
safe  action  of  the  Iv'hitgen  ray. 

NECESSITY  FOR  THE  LOCALIZATION  AND  REMOVAL  OF  LODGED  MISSILES. 

It  is  well  known  that  lodged  missiles  freipienth’  liecome  enc^•sted  in 
tlu^  tissues  and  cause  no  further  ti'oulile.  In  other  cases,  however,  they 
giv(*  trouble  through  causing  suppuration,  or  by  pressure  ui)on  .some  neigh- 
boring nerve  oi’  organ,  or  by  being  so  situat(‘d  as  to  interfere*  with,  or  j)ro- 
duc(“  pain  during  muscular  action. 

Frc(piently,  also,  knowledge  of  the  pre.sence  of  a foreign  body  (“auses 
mental  disepiiotude,  and  in  other  cases  it  is  important  to  kiuiw  the  exact 
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location  of  the  missile  in  order  to  determine  whether  the  symptoms  which 
sometimes  follow  its  lodgment  are  dne  to  the  lesions  incident  to  the  ori<i’inal 
traumatism  or  to  irritation  from  the  forei<>"n  body,  or  whether  or  not  the 
symptoms  may  not  be  due  to  something'  entirely  unconnected  either  with 
tlie  original  traumatism  or  the  ])resence  of  the  lodged  missile.  In  such 
cases,  accurate  localization  of  the  bullet  is  ot  the  greatest  importance  and 


value  from  a standpoint  of  diagnosis  and  treatment. 

The  following  two  cases  are  illustrative  of  those  cases  in  which,  with- 
out accurate  localization  of  the  bullet,  it  is  impossible  to  determine  whether 
or  not  the  symptoms  are  due  to  the  effects  of  the  original  traumatism  or  to 


irritation  set  up  by  the  lodged  missile, 
aseptic  course  of  a wound  made  by  a 
slow-moving  lead  bullet  when  left  un- 
disturbed. 


Case  1 is  illustrative,  also,  of  the 


Case  1.  Shrapnel  hall  lodged  in  hack; 
traumatic  neurustheina,'  localization  hy  Ronf- 
gen  ray;  missile  not  removed. 

Richard  J.  Eski'idgc,  major,  Tenth 
United  States  Infantry,  wounded  with  shrap- 
nel, July  2,  at  Santiago  and  transferred  to 
Massachusetts  General  Hospital,  where  fol- 
lowing history  was  noted: 

Ball  entered  hack  while  he  was  sitting. 

Immediate  shock  severe.  Intense  dyspnma. 

Complete  temporary  paralysis  of  the  left 
side.  After  being  taken  to  rear  was  able  to 
move  arm  and  wiggle  toes  slightly.  Dysp- 
nma  lasted  twenty-four  hours.  Severe  con- 
stant pain  in  lower  half  of  left  side  of  trunk 
and  left  leg.  Wound  healed  readily.  No 
wound  of  exit  found.  Paresis  of  leg  re- 
mained same  for  about  three  weeks,  then 

began  to  disappear  gradually  till  he  was  able  to  raise  his  leg  from  the  bed  about 
three  weeks  later.  Since  then,  improvement  less  rapid.  Pain  has  continued  with 
about  same  severity,  requiring  one-quarter  to  one-half  grain  of  morphia  at  night. 
More  severe  at  night;  more  severe  in  damp  weather. 

August  16.  Examination:  In  left  back,  inches  from  median  line,  at  level  of 
ninth  rib,  a round  scar  one-fourth  inch  in  diameter.  Marked  muscular  atrophy  of 
hip,  thigh,  and  leg  of  left  side.  Thigh  and  leg  (left)  very  flabby.  Extreme  sensitive- 
ness of  thigh  and  leg,  most  marked  just  above  popliteal  space.  Knee  jeak  ab.sent  on 
left  side.  Able  to  get  around  little  on  crutches  and  put  a little  weight  on  left  leg. 


Fig.  9. — Diafirain  showinji  location  of  wound 
of  entrance  (a)  and  jiosition  of  bullet  (/;) 
in  the  case  of  Maj.  Richard  Eskridge, 
Tenth  United  States  Infantry. 
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Novi'ImImt  f(,  X-i'iiy  pliitc's  t;ik(Mi:  Imllot  found.  Tlirt'o  plate.';  thou  takon.  ono 
(lircctR  o\iT  of  Imllet.  one  on  eitlu'r  ."idc  at  aiij^le  of  4.')  . riie.>a-  located  Indict 
at  level  of  .second  luiiiltar  intervertebral  disk.  I .V  ineli  abovt'  level  of  crests  of  ilium 
and  al»out  tlirt'e-fourtlis  inch  to  1 ineli  deep.  Removal  not  advised  liy  mmrolo^ists. 
as  no  source  of  irritation. 

From  the  Ma.s.saehu.si'tts  (leneral  Hospital  the  patient  was  tran.sferred.  with  a 
diajrno.si.s  of  traumatii-  neuritis,  to  the  .Vrniy  and  Xavy  (ieneral  IIo.s])ital.  Hot 
S])rinfrs.  Ark.,  and  thenei*  to  th<>  (ieneral  Hospital  at  Washington  Han-aeks. 

On  arrival  at  the  latter  ho.spital  the  same  .symj)tom.' of  jiain  and  local  hyper- 
asthesia  were  the  same  as  tfivem  above.  The  motor  functions  of  the  left  le^  had 
eon.sideralily  improved.  Some  doubt  existinj^  as  to  whether  the  symptoms  were  due 
to  the  original  traumatism  or  to  pre.ssure  from  the  Imllet,  a radiograph  was 
taken,  from  which  it  was  thought  that  the  liullet  (shrapnel)  lay  as  located  in  the 
Massachusetts  Hos])ital.  The  bullet  was  cut  for.  but  could  not  be  found.  The 
.Mackenzie-Davidson  localizer  was  then  used  and  with  it.  the  Imllet  was  located 
con.siderably  deeper  and  in  the  suliperitoneal  ti.ssue  just  below  the  left  kidney.  .Vs 
from  its  location,  it  could  by  no  po.ssibility  lie  causing  any  of  the  .symptoms,  the 
neuritis  was  undoubtedly  traumatic,  a result  of  the  original  lesion,  and  no  further 
attempt  was  made  to  nmiove  the  bullet. 

The  following  illustrates  those  cases  in  which  it  is  neces.sarv  to  locate 
the  lodged  missile  in  order  to  determine  whether  symptoms  which  follow 
the  receipt  of  a gunshot  wound  are  due  to  the  presence  of  the  bullet  or  to 
some  entirely  ditferent  condition  : 

Caw  2. — Fracjnu'at  of  'iiiiwlle  lodged  in  the  htick;  neuralgia;  loe<d^~ation  of 
fragnient  l>g  Rontgen^  ray. 

.Vlfred  W.  Bjorn.stad.  caj)tain,  'Phirteenth  iMinne.sota  ^h)lunteers.  received  a 
slight  superficial  wound  of  the  left  shoulder  at  Manila,  P.  1..  August  18,  18bS.  On 
turning  to  go  to  the  rear  to  have  the  wound  dressed,  he  was  .struck  a .second  time  by 
what  he  thought  to  be  a ricochet  l)ullet.  The  wound  of  entrance  was  3 inches  to  the 
h'ft  of  the  spine  and  midway  l)etween  the  ninth  and  tenth  ribs.  The  wound  was 
dressed  witli  a tii'st-aid  dre.ssing  and  healed  without  trouble.  .Vfter  returning  tt) 
duty,  he  was  troul)l('d  with  almost  constant  pain  in  his  right  side,  especially  when 
marching.  'Phis  contiiuu'd  until  he  was  returned  to  the  Fnited  .'states  with  his 
regiment  to  b(>  mustered  out.  .Vfter  being  mustered  out,  he  was  apjiointtal  captain 
in  till'  Forty-second  Fnitc'd  States  Volunteer  Infantry,  and  as  the  j)ain  in  tlu'  right 
side  still  troubh'd  him  somewhat,  though  much  le.ss  than  formerly,  he  ai)j)lied  for 
trc'atuK'iit  before  laung  rtdurned  to  the  Philipi)ine  Islands,  with  a view  to  dett'rmine 
wh(‘ther  or  not  the  ])ain  in  his  right  side  was  due  to  the  presence  of  a lodged  bullet. 
Ill'  was  ordi'rcd  to  the  geiu'i'al  hospital  at  W ashington  Hariacks.  I).  ('..  where  a 
Riintgen  ray  examination  was  made  and  a .small,  irregulai'  piece  of  mi'tal.  prol>al)lv  a 
fragment  of  a bullet,  was  located  in  the  left  side  almost  directly  lu'iieath  the  wound 
ofentranci'.  ('areful  examination  showed  no  other  missile  and  determined  the  fai  t 
that  there  was  no  lodged  bullet  on  the  right  side  ])roducing  thi'  pain  from  which  the 
patient  was  sullering.  .Vs  the  small  piece  of  metal  on  the  left  side  was  producing 
no  troulile.  it  w:is  m()I  removed,  and  the  patient  left  the  hospital  shortly  afterwards. 


PLATE  XI. 


PLATE  XL 


Case  14,  Section  II. — John  Gretzer,  ji'.,  j)rivate,  C'ompany  D,  First 
Nel)raska  Volunteers. 

HadiogTaph  of  liead  viewed  from  the  left  side,  showing-  ^lauser  hullet 
lodged  in  the  brain. 

o 


PLATE  XII. 


PLATK  XII. 

Case  8,  Section  3. — John  Watson,  ])nvate,  Troop  F,  Tentli  United 
States  Cavalry. 

Radiograpli  of  left  le”',  viewed  from  the  back,  showing  frag’ineut  of 
missile  embedded  in  the  center  of  the  callus  formed  at  tlie  site  of  a gunshot 
fracture  of  the  tibula. 


PLATE  XII. 
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The  vahie  of  the  K()iitfr(ai  ray  in  locatinjr  missiles  or  small  fra«rments 
of  missiles  yhieh  have  infected  the  woniul  and  cause  eontinned  sn])])iira- 
tion  is  shown  hy  the  following-  ease: 

Caw  S. — Fi'aqmeui  of  metal  totUjed  in  fhvta;  mpjnirafirm ; localization  hy 
Rbntyen  ray;  renayral;  vccorcry. 

John  Watson,  private.  Troop  F,  Tenth  ('avalry,  was  wouiuh'd  July  1,  by  a 
missile,  supposed  to  l)e  a Mauser,  which  entered  the  anterior  surface  ui)per  })ait  of 
middle  third  right  leg,  fractured  the  fibula,  and  passed  out  at  the  internal  lateral 
surface.  The  patient  was  transferred  north  and  finally  to  the  general  hospital  at 
Washington  Barracks.  A 8U})purating  sinus  persisted  at  the  site  of  the  original 
wound  of  enti-ance.  A radiograph  was  taken  which  showed  a small  fragment  of 
metal  embedded  in  the  callus  uniting  the  fractured  fibula,  (Plate  XII).  Operation 
disclosed  a small  piece  of  lead  at  the  point  indicated.  This  was  removed,  the 
wound  promptly  healed,  and  the  patient  was  returned  to  duty. 

LOCALIZATION  METHODS. 

It  is  to  be  noted  that  Routg-en  rays  are  projected  in  right  lines  from 
the  anode  of  the  Crookes  tube.  As  a consequence  of  this,  the  oKserved 
shadow  of  an  object,  the  object  itself,  and  the  anode  are  all  in  line.  This 
direct  projection  of  the  observed  image  is  both  an  advantage  and  a disad- 
vantage in  locating  missiles  lodged  in  the  body.  It  is  a disadvantage,  in 
that  erroneous  conclusions  may  be  formed  of  the  location  of  a missile, 
unless  the  position  of  the  anode  and  the  position  of  the  shadow  of  the 
object  are  accurately  observed  and  noted.  For,  if  the  position  of  the  anode 
is  not  known,  the  foreign  body  may  lie  in  any  line  projected  from  the 
position  of  the  observed  shadow.  The  projection  of  the  shadow  of  an 
object  in  a right  line  is  of  advantage  in  that,  knowing  the  j)osition  of  the 
anode  and  the  position  of  the  shadow,  the  object  itself  must  be  at  some 
point  directly  between  the  two.  This  fact  of  the  direct  projection  of  the 
shadow  of  objects  has  given  rise  to  two  methods  of  localization  of  lodged 
missiles;  «,  b}^  direct  observation;  h,  hy  multiple  observation. 

LOCALIZATION  BY  DIRECT  OBSERVATION. 

Direct  observation  has  to  be  emjdoyed  in  those  cases  in  which  lateral 
views  can  not  be  made  through  the  })art  in  which  the  foreign  body  is  lodged. 
Thus,  in  examinations  made  for  foreign  bodies  in  the  chest,  abdomen,  ])elvis, 
shoulder,  and  upper  part  of  the  thigh,  the  observation  has  to  be  made  from 
before  backward,  or  vice  versa.  As  no  lateral  views  can  be  obtained  bv 
which  the  depth  at  which  the  foreign  body  lies  can  be  determined,  resoiJ 
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must  lie  In  other  me;uis,  ot’  wliieli  tiiefc*  ;ire  t\v<»:  lirst,  llu*  use  ol  some 
lonii  ol'  |oc:ili/er,  tlisetissioM  ot  w hich  will  he  taken  up  later:  ami,  seeoml, 
critical  ohseiw atioii  ot'  the  imaji'c  ot  the  t’orei;;ii  ho(l\'  ami  its  relati\e  posi- 
tion. 1)\’  earetulK'  ('Xamininy-  the  outline  ami  size  ol  the  imai»e  ot  tin* 
lodc-eil  missih'  ami  the  movement  of  its  imac’e  when  the  tube  is  shifted  from 
sid(*  to  side,  the  de])th  of  the  foreign  bod\-  in  the  ])art  can  l>e  appro.ximateh' 
ascertained. 

if  a lode-ed  missile  is  very  near  the  Hnoroseopie  screen  or  tlie  ])lio1o- 
<ira])hic  ]>late,  the  outline  of  its  sliadow  will  be  quite  sharp.  If  farther 
away,  the  outlim^  of  its  sliadow  will  be  blurred  and  iudistinet  and  its 
size  increasi'd;  the  blurrinj'-,  indistinctness  and  size,  increasing’  with  the 
distance  of  tlu'  lodged  missile  from  the  ])lane  n])on  w hich  its  shadow*  is  cast. 

If  the  outline  of  a lodged  missile  is  sharjiand 
distinct  in  the  radiograph,  it  indicates  that  the 
missile  is  near  the  surface  of  the  body  ayainst 
w Inch  the  photographic  jilate  was  placeil.  If, 
on  the  other  haml,  the  jiicture  of  the  lodged 
missile  a])])ears  lilnrred  and  indistinct  in  the 
radiograph  or  on  the  screen,  it  is  an  evidence 
that  the  missile  is  at  a considerable  dejith  in 
the  tis.sues.  The  increased  size  of  the  image 
of  a dee])ly  ])laced  foreign  body  is  due  to  the 
greater  di.sjiersion  of  its  shadow  tlie  nearer 
the  body  lies  to  the  source  of  light  (tig.  10/y). 
Its  blurred  outline  is  due  to  the  fact  that  the 
Riintgen  rays  are  not  jirojected  from  a single 
])oint  on  the  anode,  but  from  its  entire  surface. 
As  the  rays  are  not  ]m>jected  from  a single 
point,  they  cross  each  other  at  the  edges  of 
an  object,  forming  a ])enumbra,  and,  neces- 
sarily, the  pennmbra  is  wider  tin*  greater  the 
distance  betw'(*en  tlu^  oliject  and  the  plane  upon  whiidi  its  shadow'  is  cast 
(iig.  W/,). 

In  making  tlu*se  observations,  photography  is  a much  safer  guide  than 
visual  obser\  tions  mad(*  with  a tiuoroscope,  ;is  the  ])hotogra])hic  image  will 
show  dilVereiices  of  outline  more*  (di'arly  than  the  eye  can  determine  them. 
.V  number  ol'  lexamph's  of  the  ridative  dimness  of  outline  and  variations 
in  siz(‘  of  the  imag(^  of  lodged  missiles,  according  to  the  distance  ot  the 
missih's  from  the  surface'  of  the  body,  an'  giyc'ii  in  th(‘  radiographs  accom- 
panx  ing  this  report. 


Kk!.  10. — Diiinrain  showing  tin*  rola- 
tivi*  size  of  mtilera,  pi'iiumt)™,  and 
.shallow  in  foroign  iHidii-s  locatod 
snpcrlicially  (n)  anil  de(.'])ly  {/>)  in 
the  tissiu's. 
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111  addition  to  tlii' methods  ;ilr(*:i(ly  lor  a|i|)roxim;itiuj^- the  ])ositi<»ii 

ot’lode'(“(l  missih's,  :id\  :mtae'e  can  he  taken  of  the  position  of  the  imaei*  ( i|  the 
t’oreien  bodies  relative  to  snrt’ace  markinj>‘s  and  |)oints  on  the  hones.  'I’hns  in 
Case  h,  Section  11,  tlu^  position  of  the  ohserv(*d  iinai>(‘  ot  the  hnllet  ridative 
to  that  of  tlui  lesser  trochanti'r  and  the  fold  of  the  Imttock  was  of  the  ereatest 
assistanci^  in  locatine-  the  hnllet  at  the  tinu*  of  operation,  while  the  dimness 
of  outline  and  larg'e  size  of  the  imae-e  of  the  hall  indicated  that  it  was  deep 
in  the  jiart. 

A still  further  means  of  apjiro.ximatiiif'f  the  depth  at  whiidi  a lodged 
missile  lies  in  a part  is  to  note  liy  the  fluoroscojK*,  the  distance  whiidi  the 
image  of  the  object  moves  when  the  tube  is  shifted  laterally.  If  when  the 
tube  is  moved,  the  image  moves  hut  slightly,  the  missile  can  not  he  deep  in 
the  part;  while,  if  the  image  movement  is  considerable,  the  foreign  body  is 
probably  ([uite  deeply  placed. 

These  means  of  localizing  lodged  missiles  give  only  inferential  results, 
but  by  careful  observation  and  by  combining  all  possible  factors,  foreign 
bodies  can  be  localized,  in  a majority  of  cases,’  with  sufiiident  exactness 
for  all  practical  jmrjioses,  es])ecially  if  they  are  not  deeiily  jilaced.  On 
account  of  its  size,  a bullet  is  not  likely  to  be  missed  by  a surgeon  when 
it  is  situated  superticially,  jirovided  the  operator  cuts  in  direct  line  from 
its  obseryed  shadow  toward  the  point  where  the  anode  of  tin*  (h'ookes 
tube  was  located.  Hut  in  jmrsuing  the  method  of  direct  incision,  the  sur- 
geon must  be  quite  certain  before  ojierating  that  the  body  for  which  he  is 
searching  is  situated  siqierticially,  or  he  mny  haye  to  cut  too  deeply  or 
through  important  structures  to  find  it. 

Where  foreign  bodies  are  deejily  jilaced  or  in  the  neighborhood  of 
important  structures  or  org-ans,  it  is  necessary  that  they  be  accurately 
located  before  operatiye  interference  is  adopted,  and  in  such  (rases  one  of 
the  methods  of  localization  by  mnltijile  obseryation  must  be  resorted  to. 

LOCALIZATION  BY  MULTIPLE  OBSERVATION. 

Localization  by  multijile  obseryation  coyers  all  the  nuuhods  of  localiza- 
tion in  which  the  location  of  the  foreign  body  is  determined  by  obscwva- 
ti(ms,  so  made,  that  the  right  lines  of  light  from  the  anode  cross  each  other. 
As  the  anode,  the  obseiwed  body  and  its  shadow  nre  always  in  line:  when 
two  observations  are  made  with  the  anode  in  ditferent  jiositions  at  each 
observatiim,  it  must  follow,  that  the  observed  body  must  lie  at  a point  where 
the  lines  drawn  from  the  anode  to  the  shadow  of  the  body  cro.ss  each  otlnu'. 
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A.s  ji  cnii.s('(nuMic('  nt’  this,  it’  two  t>l)sei'vati<)iis  are  made  witli  tlie  anode  in 
tliiVcrent  positions,  and  these  positions  and  tlie  jxtints  tni  tlie  snrt’ace  of  tlie 
hodv  wliei’(*  th(*  imanes  of  the  missile  are  projected  are  recorded,  then  the 
missile  can  he  accni'atelv  located  at  the  jioint  where  lines  cross  each  other 
which  are  drawn  from  the  positions  occnj)ied  hy  the  anode  to  the  points  on 
the  sui'face  of  the  hodv  where  the  shadows  of  the  mi.ssile  were  cast. 

A mmilxM-  of  means  have  heen  devised  for  determining  the  position  of 
the  anode  and  the  shadow  of  foreiifn  bodies  relative  to  the  surface  of 
that  part  of  the  hodv  in  which  the  foreign  hodv  is  located.  The  most 
common  method  is  to  make  an  observation  and  mark  upon  the  skin  the 
point  where  the  shadow  of  the  foreig’ii  body  is  thrown,  then  to  move  the 
anode  to  a position  where  it  will  approximate! i)roject  the  Khntgen  rays  at 
right  angles  to  the  first  observation,  and,  after  marking’  on  the  skin  the  point 
where  the  second  shadow  of  the  foreign  body  is  cast,  the  operator  can,  by 
angulation,  approximately  determine  the  point  where  the  foreign  body  lies. 
This  method,  like  the  method  by  single  observation,  is  generally  sufHeient 
for  cases  where  the  missile  lies  su})ei’ticially  or  in  close  relation  to  some 
bonv  point.  Hxamj)les  of  this  method  of  determining  the  })osition  of  lodged 
missiles  by  right-angled  observation  are  given  in  Plate  XIII,  and  in 
Plate  XXX I II. 

But  where  the  bullet  is  h*dged  deeply,  ibis  method,  like  the  method  by 
direct  observation,  while  sutlicient  for  some  cases,  can  not  be  depended  upon 
foi’  ac.cni’acy,  and  instruments  have  been  devised  for  delinitely  fixing  the 
position  of  all  the  j)oints  necessary  to  accurate  localization;  namely,  the 
))ositions  of  the  anode,  the  ])laces  on  the  surface  of  the  body  where 
the  projected  shadows  of  the  foreign  body  are  thrown,  and  the  position  of 
these  j)oints  relative  to  each  other. 

'I'hese  instruments  are  divided  into  two  classes;  those  in  which  pho- 
tography is  used,  and  those  in  which  visual  eti’ects  are  relied  upon. 

Instruments  of  each  class  have  been  used  and  have  been  found  of  great 
vahu^  in  ditlicidt  cases  arising  from  the  late  war. 


PHOTOGRAPHIC  APPARATUS  FOR  LOCALIZATION. 

.Mackenzi(^-1  )avi(lson  devised  and,  in  (h'scribed  a method  of 

localization,  since  known  as  the  crossed-thread  svstem.'  This  method,  either 
with  .MackiMizie- Davidson’s  original  apjiaratusor  one  of  its  modilications,  is 
probal)ly  the  most  accurate  and  reliable  means  now  used  for  the  localization 
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PLATE  XIII. 


PLATE  XIII. 

Cask  4,  Skci'ion  II. — John  X.  Taylor,  j)rivate,  ('onipaii}'  l>,  Twolt'tli 
Ciiited  States  Iiit’autry. 

Kadiog’raphs  of  tlie  left  foot,  viewed  from  the  inner,  and  from  the 
plantar  surface,  showin<»’  a slightly  deformed  hnllet  embedded  in  the  sole 
of  the  foot,  beneath  the  enboid  bone  and  in  a line  with  the  second  metatarsal 
bone.  The  two  views  accurately  locate  the  missile. 


PLATE  XIII 
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of  foroig’u  bodies  with  the  lvbntj>'eii  ray.  d’he  Mackenzie- 1 )avi(l.soii  appa- 
ratus consists  of  two  parts,  tlie  exposer  11),  and  the  localize*!’  12). 

By  means  of  the  exposer,  that  part  of  the  body  in  which  the  forei<»n 
body  is  lodg’ed  is  lixed  in  a delinite  position  relative  to  a photographic 
plate.  Two  exposures  are  then  made  upon  the  same  ])late  with  the  anode 


Fk;.  11.— >Iacken/.ie-Davidsun  exposer.  The  plu)to‘'ra])hie  plate  is  j)laeed  heiieath  theerosserl 
wires  on  the  hoard.  The  wires  are  inked  and  leave  marks  on  the  skin  of  tlie  part  and  the  iniajre  of 
the  wires  appears  on  the  negative.  This  gives  lines  for  localization.  The  tube  is  suspende<l  vertically 
alH)ve  the  transverse  wire  and  equidistant  at  each  exposure  from  a ]>oint  vertically  alaive  where  the 
wires  cross. 


in  ditfcrt*nt  position  for  each  exposure,  the  position  of  the  anode  being*  bv 
means  of  the  apparatus  accurately  hxed  and  determined  for  each  exposure. 
The  })late  being*  then  develo^ied,  two  images  t>f  the  shadow  of  the  foreign 
body  will  appear  in  the  negative. 
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By  j)l}U-iii{^  tlie  neg-ative  in  tlu*  localizer  (fig.  12),  and  stretching  threads 
t'roin  corresponding  ])oints  of  the  two  images  (ni  the  negative  to  the  }>osi- 
tions  which,  relative  to  these  images,  were  occupied  by  the  anode  at  each 


Ki<i.  12. — Mackenz'u'-Davidson  loailizor.  The  nejnitive  i.s  place<l  on  the  plate  in  the  .■^iiine 

position  relative  to  the  two  points  on  the  erosshar  that  it  oeeu|)ied  relative  to  the  anode  when  the 
exposure  was  made.  Weighted  threads  are  then  stretclied  from  corres]>ondinjt  points  on  the  iniaj^'  to 
tlm  points  on  the  erosshar,  and  thi“ir  point  of  erossiiu;  indicates  the  position  whii'h  the  lod^iiHl  missile 
occnpiiMl  relative  to  the  plate  when  the  exposure  was  made. 


exposure,  the  threads  will  cross  at  ;i  distance  and  position  from  the  negative 
which  the  foreign  body  occupied  ;it  the  time  that  the  negative  w;is  nmde. 
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liy  ineasiiriiig'  the  location  oftlie  })oiiit  where  the  threads  cross,  the  positi(»u 
of  the  foreign  body  in  the  tissues  is  then  detenniiual  1)\-  markings  inad(;  on 
the  skin  at  tlie  same  time  tliat  the  negative  was  taken.  In  this  wav,  foreign 
bodies  can  he  located  with  mathematical  exactness. 

The  method  in  detail  is  as  follows;  liadiographs  are  taken  trom  two 
different  ])oints  of  view.  In  order  to  can-v  out  th(^  adjustment  and  move- 
ment of  the  Crookes  tnhe,  a horizontal  bar  is  iis(m1  with  a scah^  upon  the 
front  of  it,  graduated  in  millimeters,  with  0°  at  the  middle  point  of  the  bar 
(fig.  11).  ddiis  bar  slides  ii[)  and  down  upon  the  two  i-ods  which  rest  upon 
the  door,  each  with  a base  similar  to  those  in  standard  lani])s.  ddiere  is  a 
small  holder  for  the  (h'ookes  tnbe,  which  slides  horizontallv  along  the  bar, 
and  there  are  two  sliding  checks,  which  can  be  fixed  b\'  means  of  a small 
screw  at  any  desired  })oints  on  the  scale,  thus  enabling  the  tnbe  to  be 
([iiicklv  and  accnratelv  removed  from  position  on  one  side  of  0°  to  a corre- 
sponding point  on  the  other  side. 

Incase  it  is  desired  to  adjust  the  Crookes  tnbe  to  any  })articnlar  height, 
there  is  a small  bar  which  slides  vertically  np  and  down  and  carries  the 
tnbe  with  it  and  acts  as  a fine  adjustment;  a small  thumbscrew  clam])s  it. 
'Phere  is  a small  spirit  level  fixed  on  the  top  of  the  carrier  of  the  Crookes 
tnbe. 

The  method  of  taking  the  radiograph  is  as  follows:  The  first  step  in  the 
process  is  to  measure,  as  accnratelv  as  possible,  the  height  of  the  point  of  origin 
of  the  Riintgen  rays  above  the  ])hotogra])hic  plate  or  film,  and  generally  for 
all  practical  })urposes,  the  middle  of  the  anode  plate  may  be  taken  as  the 
radiant  point.  The  sliding  holder  with  the  tube  is  placed  with  one  of  its 
edges  on  O"  of  the  scale  on  the  horizontal  bar.  The  check  clij)s  are  adjusted 
oil  either  side  of  the  O"  to  the  desired  degree  of  displacement  and  fixed  there, 
so  as  to  allow  of  equal  dis])lacements  of  the  tube  to  either  side  of  0".  The 
amount  of  displacement  of  the  tube  does  not  seem  to  affect  the  accuracy  of 
the  results;  a displacement  of  7 cm.  to  each  side  of  zero  working  well  in 
jiractice,  though  other  distance  may  be  required  in  some  cases 

On  the  table  below  the  tube  there  is  a board  with  two  fine  wires 
stretched  across  it  at  right  angles,  and  dividing  it  into  four  eijual  parts  (see 
fig.  11).  It  should  be  considerably  larger  than  the  largest  photographic 
plate  or  film  which  is  to  be  used,  so  that  the  ])late  or  film  covered  with 
black  paper  in  the  usual  way  can  be  slijiped  beneath  the  cross  wires.  Or, 
instead  of  the  board,  two  wires  can  be  tied  directly  across  the  covered 
photographic  plate.  The  adjustments  now  necessary  are  as  follows:  Put 

the  tube  holder  at  0'\  and  then  with  a small  plumb  line  drop  a perpendicular 
HH4-8 6 
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from  tlie  middle  of  tlie  platinum  anode.  The  l)oard  is  then  placed  so  that 
the  j)oint  wliere  the  wires  upon  it  cros.s  is  just  under  the  plnml»-line  needle; 
in  fact,  vertically  below  the  center  of  the  anode.  Fuither,  the  board  must 
be  so  placed  that  one  of  the  wires  is  j)arallel  to  the  plane  in  which  tin*  tube 
is  to  be  placed;  that  is,  it  must  be  made  to  lie  j)arallel  to  the  horiz«tutal  bar. 
This  can  be  done  by  mere  inspec-tioii  by  lookin'^  alonj;  the  ed<re  of  the 
horizontal  bar  and  seein;^' that  the  wire  is  parallel  to  it.  Once  these  adjust- 
ments are  ma<le,  the  latard  can  be  fixed  to  the  table  and  the  instnnnent  is 
ready  for  use  at  any  time  without  furthei-  adjustments  beinjr  necessarv. 

The  distance  of  the  center  of  the  anode  veitically  from  the  j>late  is 
carefully  measured  and  recorded,  d’he  tube  holder  is  uow  di.splaced  to  the 
])i'eviously  fixed  check  (dij)  on  one  side,  d'he  cross  wires  are  lightly  brushed 
over  with  some  suitable  dye  (the  ink  Used  for  rubber  .stamps  is  f^^ood). 
The  plate,  covered  as  usual,  is  then  slipped  l)em*ath  the  cross  wires.  'Phe 
patient  now  phu;es  the  part  to  be  photojri’ai)hed  on  the  plate  and  a small 
object,  o])a(pie  to  Hontg’en  rays  (a  small  coin  answers  well),  is  placed  on 
one  of  the  corners  (T  the  j)late,  so  as  to  mark  a cjuadrant.  Phe  current  is 
turned  (^n  and  one  ex])Osm'e  made.  It  is  then  .stopped  for  an  instant  till 
the  tube  is  pushed  over  to  the  other  side  of  O",  to  where  the  other  check 
clip  had  been  j)reviously  fixed,  and  then  another  similar  exposure  is  «riven 
on  the  same  ])late  and  without  the  patient  movin<r.  When  the  patient 
rai.ses  the  ])art  from  the  plate  he  should  carry  the  mark  of  the  cross  wires  in 
ink  and  it  is  im])oi’tant  to  make  a small  mark  on  the  quadrant  of  his  skin, 
which  corre.s])onds  t(^  the  (piadrant  on  the  plate  uj)on  which  the  opacpie 
object  was  jdaced.  "Phis  is  clearly  necessary  to  keep  the  parts  and  the 
negative  in  register. 

The  negative  is  at  once  devehq)ed  and  fixed  in  the  usual  way,  when 
two  shadows  of  the  foreign  body  will  a])pear.  If,  for  example,  the  foreign 
body  is  a bullet,  there  will  be  two  bullet  .shadows  in  the  negative*. 

Fi-om  the  al)ove  data  and  with  this  negative  one  can,  by  means  of 
mathematical  formula'  or  geometrical  drawing  to  a scale,  arrive  at  a correct 
knowh'dge  of  the  position  of  the  bullet.  Hut  the  recpiisite  knowledge  is 
not  always  at  hand:  and  the  .second  part  of  the  ap])aratus  is  now  brought 
into  use.  Fig.  12  shows  the  apparatus  called  the  “localizer.” 

It  resembles  a photographer’s  retouching  ilesk.  Fpon  an  iron  stand  a 
piece  <tf  |)late  glass  is  placed  h»*rizontall v and  beneath  it,  a mirror  which  can 
be  adjusted  .so  as  to  rt'flect  tin*  light  from  a window  or  lamp  up  from  below, 
d'here  is  a hoi'iz<*ntaI  bar  which  slides  up  and  down  upon  two  vertical  rods. 
( )n  this  bar,  there  is  a millimeter  scale  with  a small  notch  at  each  millimeter 
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mark.  The  O"  is  at  the  middle  point  of  this  har.  On  the  ”'lass  plate  then; 
are  two  lines  cut  with  a diamond  at  ri^-ht  an<>les  to  each  other  (to  corre- 
spond to  the  cross  wires  on  the  vulcanite  plate),  and  this  <>-lass  plate,  which 
is  movable  and  can  be  clamped,  is  so  placetl  that  the  point  whei’e  the  lines 
cross  is  vertically  beneath  the  ()"  on  the  scale  above,  and  tlui  line  on  the 
g-lass  runninj^  rif^ht  and  left  (when  fac,in<>’  the  scale)  is  placcul  |)arallel  to  tlu' 
ed^e  of  the  scale.  In  other  words,  they  are  in  the  sanui  v(*rtical  j)lane. 
The  scale  is  now  raised  or  lowered  so  as  to  make  the  O"  on  it  pi-(‘cisely  at 
the  same  heif^ht  vertically  above  the  ne<>’ative  as  the  anode*  of  tine  (h’ookes 
tube  was  from  the  photographic  plate  or  lihn  when  the  negative  was  being 
produced. 

The  negative  being  washed  after  fixing,  can  be  at  once  placed  upon  the 
horizontal  stage  and  easily  adjusted,  .so  that  the  white  hues  produced  by 
the  cross  wires,  are  made  to  coincide  with  the  cross  line  on  the  glass  plate, 
care  being  taken  that  the  marked  (luadrant  is  in  the  same  ri'lative  position 
as  it  occupied  when  the  photograph  was  being  taken.  As  a routine  j)ractice, 
it  is  best  to  mark  the  right  upper  (piadrant,  as  the  o})erator  stands  facing 
the  scale  on  the  bar. 

It  is  important  to  remember  that  the  negative  should  be  ])laced  face  iq) 
on  the  stage,  for  if  placed  on  the  stage  with  the  gelatin  face  downward  the 
relations  of  the  parts  are  reversed. 

The  negative  being  thus  arranged,  it  will  be  seen  that  it  is  really 
placed  under  exactly  the  same  conditions  as  it  occiq)ied  when  it  was  being 
taken.  Under  these  circumstances,  all  that  is  now  recpiired  is  to  trace  the 
path  of  the  rays  which  ])roduced  the  negative.  This  is  done  in  a verv 
simple  way.  The  distance  on  each  .side  of  the  middle  point  (0°  on  the 
scale)  to  which  the  anode  was  displaced  is  known.  Suppose  it  was  7 cm., 
a fine  white  silk  thread  is  placed  in  the  notch  7 cm.  to  one  side  of  ( )°  and 
another  silk  thread  (red)  is  placed  in  the  notch  7 cm.  to  the  other  .side  of 
0°.  Small  weights  are  attached  to  one  of  the  ends  of  each  thread  to  kee]) 
them  taut,  while  the  other  is  threaded  into  a fine  needle,  which  is  weighted 
by  being  fixed  into  small  lead  weights,  in  shape  resembling  a mouse 
(Figs.  12  and  13). 

Now,  these  threads  can  be  used  to  show  the  path  of  the  rays  which 
produced  the  negative.  Suppose  we  are  dealing  with  a bullet  in  some  part 
of  the  body.  On  looking  down  on  the  negative  we  find  tw(^  bullets,  and 
it  is  not  difficult  to  see,  that  as  the  Crookes  tube  was  displaced  horizontally 
in  a line  running  right  and  left,  that  the  shadow  of  the  bullet  to  the  left 
was  produced  by  the  tube  when  displaced  to  the  right,  and  vice  versa. 
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"I'hii.s,  if  we  j)lace  one  of  the  threads  on  the  point  of  tlie  hnllet  in  oiu*  sliadow. 
it  will  indieate  the  path  of  the  ray  that  produced  the  shadow  of  tin*  hidlet 
point  (P,  li”‘.  13.)  Now,  if  the  other  thread  is  placi*d  on  the  corresp<»nd- 

inj^  point  of  the  other  Indlet  shadow 
(P‘,  13),  then  it  innst  follow  that 

the  j)osition  actnallv  occupied  hvthe 
point  of  the  hnllet  in  (piestion  is  pn*- 
cisely  where  ^he  two  threads  cross  at 
c in  fi^.  13. 

If  the  per])endicnlar  distance 
a })oint  can  he  measured  from  three 
planes  which  are  at  ri^iht  anjrles  to 
each  other — in  short,  if  the  .r,  //,  and  i 
can  he  ascertained — then  all  will  lie 
known  ahoiit  the  j)osition  of  the  j)oint 
in  question. 

'Phi  s we  can  <lo  at  once  with  the 
point  c in  13.  First,  the  vertical 
distance  from  the  neg’ative  to  where 
the  thr(*ads  cross  each  other  is  measured.  'Phis  is  the  distance  of  the  point 
of  the  hnllet  beneath  the  skin  (of  the  ])atient),  which  rested  on  the  i)hot»»- 


Fig.  13. — I)ia>;rain  showinf;  nietlicxl  of  using  tiu* 
localizer  (.Mackenzie  Davidson). 


I'li:.  14. — DiaL'rain  showing  inetluHl  of  localization  (Mackenzio-navidsonl. 

graphic  phite.  I his  can  he  int'iisnred  with  iin  ordimirv  jiiiir  of  compasses. 

1 he  vertical  distances  jtre  lU'Xt  measured  from  the  two  vertical  planes 
representetl  hy  the  shiidows  ot  the  cro.ss  wires  to  the  jioint  where  the 
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thn^ads  cross.  An  u))ri<>’ht  s(ju;m^  is  placed  with  its  ed^e  coincident  with 
the  shadow  <»t'  one  of  the  wires,  and  the  perpendicular  distance  is  iru*as- 
ured  with  compasses  from  it  t(*  the  point  where  the  threads  intersect.  In 
this  way  /y,  and  z of  the  point  of  the  bullet  is  ascertained  and  the  result 
not(‘d  down,  as  shown  in  14.  The  arrows  in  fig.  14  indicate  the  direction 
of  the  dis])lacements  of  the  Crookes  tube.  We  then  j)roceed  in  a similai' 
manner  to  ascertain  the  ])osition  of  the  butt  of  the  bullet  r,  in  fig.  13.  And 
the  distance  between  c and  c'  in  fig.  13  gives  the  direction  and  actual  length 
of  the  bullet. 

From  the  measurements  jotted  down,  as  shown  in  fig.  14,  a line  can 
be  marked  on  the  patient’s  skin  in  the  same  plane  as  the  bullet,  and  the 
surgeon  can  be  given  the  exact  depth  at  which  each  of  its  extremities  can 
be  reached  by  a vei'tical  puncture. 

Several  pairs  of  threads  might  be  used,  and  in  this  way  the  shaj)e  of 
the  foreign  body  might  be  outlined;  but  it  is  more  convenient  to  u.se  one 
j)air.  The  point  where  they  intersect  can  be  fixed  by  the  ])oint  of  a suiTace 
gauge;  and,  when  the  threads  are  moved  to  ant)ther  ])osition,  the  difference 
between  their  new  point  of  intersection  and  their  former,  wliere  the  ])oint 
of  the  surface  gauge  stands,  can  be  measured  at  once.  In  fig.  13,  the  dark 
lines  indicate  the  position  of  the  threads,  the  dotted  lines  show  the  ])osition 
they  occupy  when  they  are  each  directed  to  the  butt  of  the  bullet,  and  the 
distance  from  c to  d is  the  actual  length  of  the  bullet.  It  also  indicates  the 
direction  in  which  the  bullet  lies. 

The  final  result  of  the  process  is,  that  we  can  draw  an  outline  of  the 
foreign  body  on  the  patient’s  skin  and  give  the  depth  below  the  skin  of 
any  of  its  })arts,  and  this  enables  us  to  give  the  direction  and  depth  at 
which  it  can  be  reached  from  any  j)oint  the  surgeon  may  select. 

The  original  Mackenzie-1  favidson  localizer  has  been  modified  on  the 
lines  of  portability  and  simplicity,  but  the  j)rinciple  remains  the  same.  In 
the  Harrison  j)ortable  localizing  apparatus,  the  essential  features  are 
retained  and  the  ajiparatus  is  made  very  portable  and  consequently  well 
adapted  to  military  surgical  use. 

This  apparatus  (fig.  15),  consists  of  a baseboard  which  supports  a slid- 
ing tube  holder.  The  tube  is  fixed  at  a certain  height  above  the  surface 
of  the  board,  and  radiogTa])hs  are  taken  with  the  tube  at  each  extremitv  of 
the  slide.  The  negative  is  then  developed  and  ])laced  on  the  baseboard. 
Two  pillars,  which  plug  into  the  board,  are  so  arranged  that  a small  notch 
at  the  top  exactly  coincides  with  the  two  points  from  which  the  radiographs 
were  taken  without  any  measuring  or  calculations,  and  silk  tlmeads  con- 
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iHM-rcil  lu  wein-litod  pointers  are  taken  from  these  pillars  to  the  imajre  on 
th(*  neg'ative,  us  in  ^lucivenzie-Oa^■i(lson^s  apj)aratus. 


I'Ki.  15. — llarrisou  portable  localizing  a[)panitiis. 

I he  tube  holder,  pillars,  (Ue.,  are  <dl  removable,  and  can  be  jiaeked  flat 
with  the  board. 


APPARATUS  FOR  LOCALIZATION  BY  VISUAL  OBSERVATION. 


but  oue  form  of  ap])aratus  of  this  type  has  Iteen  used  by  the  Medical 
l)e])tirtment  of  the  Unit(‘d  States  Army.  It  is  known  a.s  the  Dennis 
fluorometer  (1i<>'.  16). 

1 his  is  an  instrument  by  means  of  which  the  ])osition  of  the  anode, 


Fui.  10. — The  Ucnuis  Uuoroinetcr. 


the  foreio-ii  body,  and  its  shadow  as  projected  upon  the  surhict*  of  the  body 
may  be  noted  by  visual  ohservjitiou  throu<»-h  the  duoroscope.  With  it. 


DENNIS  FLrOROMETEK. 
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localization  is  made  bv  (leterminin<>’  the  position  of  tlui  tbreif<-n  body  by 
two  observations  made  at  rig’ht  angles  to  each  other. 

The  instrument  consists,  essentially,  in  a set  of  carefnlly  designed 
metallic  angle  pieces  which  conform  generally  to  the  shape  of  the  body  or 
limb,  and  which,  in  their  use  in  connection  with  the  Hiintgen  rays,  are 
susceptible  of  l)eing  scjuared  with  a simple  and  conveniently  adjustabhi 
table.  The  patient  being  laid  on  the  table  and  a duorometer  appliance 
adju.sted,  the  tiuorometer  is  l)rought  into  the  parallelism  of  the  rays — that  is, 
when  the  })roper  po.sition  of  the  cross  section  is  obtained,  the  two  arms  of 
the  tiuorometer  will  present  the  characteristic  single  shadow  on  the  field  of 
the  duoroscope. 

Attachable  to  the  arras  of  the  duorometer  are  two  })ins  or  sights.  By 
means  of  these  sights,  the  foreign  object  having  been  brought  in  line  with 
them  and  the  proper  adjustment  having  been  made,  a correct  line  is  pro- 
duced, with  the  sights  and  foreign  object  coincident. 

By  means  of  a metallic  grating  of  inch  juesli,  which  is  placed  adjacent 
to  one  side  of  the  body  and  conse(piently  one  side  of  the  duorometer,  exact 
measurements  can  be  made  with  the  eye  from  the  base  line  of  the  duoro- 
meter and  from  points  on  the  circumference  of  the  body  to  the  foreign 
object. 

Then,  without  moving  the  body  or  the  duorometer,  the  Crookes  tube 
is  })laced  directly  over  the  subject  for  the  purpose  of  obtaining  the  vertical 
line.  By  means  of  an  adjustable  crosspiece,  which  is  placed  over  the  arms 
of  the  duorometer,  exactly  the  same  results  in  a vertical  w'ay  are  obtained 
by  viewing  the  subject  from  beneath,  the  same  condition  of  parallelism 
having  been  produced,  another  set  of  pins  having  been  placed  in  position. 

It  will  be  seen  at  once  that  while  the  drst  o])eration  locates  the  foreign 
object  on  an  exact  cross  section,  the  second  observation  shows  the  exact 
position  occupied  by  the  foreign  object  in  that  cross  section. 

All  the  elements  of  distortion  having  been  eliminated,  the  foreign 
body  will  necessarily  be  at  the  intersection  of  the  twm  lines  of  the  right 
angle. 

In  practice,  the  surgeon  indicates  the  drst  cross  section  oljtained  by  a 
line  of  India  ink  or  iodine  on  the  body,  and  is  thus  enabled  to  establish 
the  position  of  the  object  by  measurements  from  points  on  the  exterior  of 
the  subject,  with  as  much  exactness  as  if  the  body  or  limb  were  actually 
severed  at  the  drst  cross  section  and  pi’esented  to  view. 

The  duorometer  is  a useful  apparatus  in  many  cases.  But  on  account 
of  the  didiculty  and  frequent  impossibility  of  using  the  duoroscope  where 
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missiles  are  lod^e'l  in  the  thicker  parts  of  the  body,  especially  in  ree-ions 
wheri^  dense  shadows  are  cast  hv'  the  coutaiiiecl  orj^ans  of  the  alalominal 
cavity,  this  apparatus  has  only  limited  use  and  can  not  compare  with  the 
Mackenzie-I )avidson  or  cross-thread  ai)paratus,  which  are  apj)lical)le  to  all 
eases.  , 

It  is,  however,  only  in  exceptional  ca.ses,  ami  those  of  considerable 
rarity,  that  recourse*  will  have  to  be  made  to  either  form  of  localization 
apparatus.  In  the  ereat  majority  of  cases,  visual  observation  or  radio«Taphs 
will  o-ive  all  necessary  information  to  the  surj^eon  relative  to  the  location  of 
lodged  missiles.  For  this  reason,  in  military  surji'ery,  it  would  not  seem 
necessary  to  snp|)lement  every  Ib'int^en  aj)paratiis  with  one  of  these  appa- 
ratus. They  .should,  however,  be  available  foi'  use  at  a few  g-eneral  hospitals 
where  cases  of  marked  ditlicnlty  can  be  .sent  for  treatment 


TV. 

GUNSHOT  FRACTURES  OF  THE  DIAPHYSES  OF  LONG  BONES. 

In  ounshot  fractures  of  the  shaft  of  lon^  bones,  tlie  extent  of  tlie 
fracture,  its  foi’in,  and  tlie  amount  of  connnunition  vary  considerably 
according’  to  the  eomlitions  which  obtain  at  the  time  of  the  receipt  of  the 
traumatism.  The  conditions  which  induence  the  bone  lesion  are  the  part 
of  the  bone  struck,  the  structure  of  the  bone  at  the  ])lace  of  impact,  the 
velocity  and  form  of  the  missile,  and  the  angle  of  incidemc.  As  all  these 
factors  can  hardly  be  identical  in  any  two  cases,  bone  lesions  are  bound 
to  vary  within  certain  limits. 

Of  great  importance  in  these  factors  is  the  part  of  the  bone  struck. 
The  jihysical  (|[ualities  of  the  cancellous  tissue  of  the  ejiijihyses  are  so  different 
from  those  of  the  compact  tissue  of  the  shaft  of  the  long  bones  that,  under 
conditions  of  gunshot  impact,  different  traumatic  results  occur  according  to 
whether  one  or  the  other  of  these  parts  is  struck. 

The  results  of  Rontgen-ray  examinations  made  during  the  late  Avar 
lead  to  the  conclusion  that,  minor  differences  apart,  gunshot  lesions  of  the 
shafts  of  long  bones  by  small-caliber  bullets  ma}"  be  divided  into  three 
main  classes : 

Class  1,  fractures  by  bullets  having  sufficient  velocity  to  pi-oduce 
perforating  wounds. 

Class  2,  fractures  by  undeformed  bullets  having  sufficient  A'elocity  to 
penetrate  only. 

Class  3,  fractures  by  ])enetrating,  deformed  bullets. 

A possible  fourth  class,  namely,  fractures  ])roduced  by  deformed 
bullets  traveling  at  velocity  sufficient  to  produce  perforating  wounds,  is  not 
recorded  and  would  be  extremely  difficult  to  determine.  Such  bullets  pass 
through  the  part  wounded,  and  the  only  evidence  that  the  fracture  had  been 
made  by  a deformed  missile  would  be  an  atv})ical  appearance  c>f  the 
wounds  of  entrance  and  exit,  appearances  which  are  not  always  present,  and 
which  if  present  would  lead  to  inferential  comdusions  only. 

CLASS  I.— FRACTURES  BY  PERFORATING  BULLETS. 

Under  this  class  come  all  fractures  produced  by  bullets  traveling  with 
sufficient  velocity  to  pass  out  of  the  wounded  })art  after  having  fractured 
the  bone.  So  far  as  observed,  fractures  by  perforating  bullets  have  one 
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common  cliiiractf'ristic:  tlicv  arc  all  more  or  less  commiimrcd.  d'lie  amount 
ot’ comminutioii  appai'eiitlv  depemls  mainly  on  two  t:u’toi-s: 

1‘drst,  tlie  vcdocitv  of  the  missile;  second,  the  an^le  of  incidence  «»f 
ini])act. 

\\  here  the  velocity  of  the  hullet  is  extreme,  as  at  sln»rl  ranjife,  the 
amount  of  comminution  is  considerahle,  and  is  treater  than  at  loii”-  ranj^e, 
\vhatev(*r  the  angh*  at  which  the  hidlet  strikes  the  hone. 

W ith  lowered  velocity,  c<imminution  is  great  onlv  wlaai  the  hullet 
sti’ikes  tlu‘  shaft  of  the  hone  in  the  median  line. 

Under  the  condition  (»f  extreme  velocity,  the  so-called  “explosive” 
effects  are  produced. 

Undei’  the  condition  of  nu'dian  im])act,  comminution  of  Ixtne  is  con- 
siderahle, hut  iKtt  so  great  as  wheiv  the  (effect  is  explosive,  unless  the  factors 
of  higfh  velocity  and  ])erpendicular  impact  c(»mhine.  For  the.se  rea.sons, 
fractures  of  the  iirst  (dass,  namely,  those  made  hv  j)erforating‘  bullets,  mav 
he  ilivided  into  three  suhedasses,  in  the  order  of  the  amount  of  hone  emn- 
minution  produced: 

Suludass  1,  fractures  hy  ])erforating-  bullets  at  short  i-ang-e. 

Suh(dass  2,  fractures  h\-  perforating'  bullets  .striking'  the  hone  in  the 
median  line. 

Subclass  3,  frai-tures  by  bullets  striking'  the  hone  tangentially. 
suBt'L.tss  1.— I'KArrruEs  by  bkufor.vtinc  bullets  .\t  short  r.vnoe. 

In  this  class  there  is  the  maximum  amount  <»f  hone  .s])lintering'  (explo- 
sive eifect),  and  the  lateral  destructive- action  of  the  hullet  is  so  great  in 
some  cas(*s  that  fractures  are  produc(*d  even  when  the  hidlet  barely  grazes 
the  hone  (('ase  2). 

.Much  has  been  wi'itten  of  the  r.rplnsirr  r(Fecf  produced  by  the  modern 
hullet,  and  many  theories  have  h(*en  advanced  toexj)lain  it.  In  the  oj)inion 
of  the  writer,  the  theoi'V  which  he.st  ex))lains  this  effect  of  the  hullet  is  that 
tlu'  destructive  effect  is  tlu*  result  of  the  lateral  transmission  ot  energN' 
imparted  t(*  the  tissiu's  hv  a rapidly  moving  missile.'  If  energy  were 
transmitted  onl\  in  a liiu'  directly  in  front  of  a hullet,  the  hullet  would 
make  ch*an-cut  perforations  in  all  organs  oi'  tissues  through  which  it  pas.sed, 
and  imni(‘diat(dv  fatal  results  would  arise  onlv  from  direct  wounds  of  blood 
vessels,  pei'forations  of  the  heart,  or  im))ingement  of  the  hullet  U])on  some 
vital  |iai'l  of  the  c(‘Utral  nervous  system. 
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TIk*  lateral  traiisniission  of  the  ener«>-y  of  the  l)ulh*t  to  an  extent  sulli- 
eient  to  eause  extensive  solutions  of  eontinnit\'  oeenrs  in  marked  (h^^ree 
only  in  certain  or<>'ans  and  tissues,  and  in  these  only  when  the  velocity  of 
the  missile  is  «Teat.  As  this  destructive  effect  occurs  (»nly  in  certain  oi’f>ans 
and  tissues,  it  must  follow  that  it  is  because  these  organs  and  tissues  b(‘St 
transmit  the  energy  imparted  by  the  bullet;  and,  as  the  structun^s  which 
transmit  this  ener<>’y  with  traumatic-producinj>-  violence  are  (‘ither  com))act 
bone,  or  organs  containing-  fluid,  or  those  ))ractically  saturated  with  Huid, 
it  seems  most  ])robable  that  this  energy  is  transmitted  in  two  wavs — either 
through  the  transmission  of  vibration  by  the  closely  knit  comj)act  bom^  tissue 
or  through  the  incompressible  fluid  in  fluid-saturated  or  fluid-containing- 
organs.  In  conij)a(‘t  bone,  with  the  missile  at  high  velocity,  bx'the  sudden- 
ness of  the  shock,  the  bone  is  disrupted,  and  the  osseous  particles  acting-  as 
secondai’}' missiles,  are  forced  outward,  increas- 
ing the  disruption  and  traumatism  by  lateral 
transmission  of  the  energy  imj)arted,  (Fig.  1 7). 

With  the  bullet  moying-  at  lower  velocity 
the  shock  in  bone  or  organ  is  less,  the  disru})- 
tion  consecpiently  less,  and  with  still  lower 
velocity,  the  ball  may  enter  and  i)ass  througli 
the  same  tissue  or  organ  with  practically  no 
lateral  destructive  effect.  In  a broad  way,  the 
result  may  be  likened  to  the  difference  in  effect 
produced  by  throwing-  a bullet  into  water  con- 
tained in  an  open  leaden  vessel  or  firing-  the  bul- 
let into  it.  In  the  first  case,  the  bullet  will  enter 
making  slight  commotion,  and  that  mainly  u])on 
the  surface  of  the  water;  while,  if  the  bullet  is 
fired  into  the  water,  the  containing-  vessel,  even 
though  open  at  the  top,  will  be  completely 
destroyed  through  the  lateral  transmission  of 
energy  by  the  incompressible  fluid. 

When  the  shaft  of  a bone  is  struck  at  short  range,  e.xtensive  comminu- 
tion is  ])roduced  whatever  the  angle  at  which  the  bullet  may  ini])inge 
against  the  bone.  The  bullet  in  these  cases  produces  an  explosive  effect  in 
accordance  with  the  reasons  already  given,  (Fig.  17). 

This  effect  is  not  confined  to  the  bone  alone;  the  bone  frao-ments 
driven  out  into  the  surrounding  tissues  jnay  produce  extensive  traumatisms 
of  the  subcutaneous  soft  parts,  and  may  even  be  driven  out  through  the 


Fi(i.  17. — Lateral  transmi.-i.'iion  of 
euerj'y  in  the  shaft  of  a lonj' 
hone.  Hia^nimmatic;  moditietl 
from  Reger.  .\  similar  effect  is 
produced  in  fluid-containing  and 
fluid-siiturated  organs. 
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wnimd  ot'  <*xit  and  into  a mno-liljoi-iii}.'-  pai't.  In  a ca.'^e  of  this  soi*t  which 
cainc  niidcr  the  ohsei'vation  of  the  wi-iter,  the  sliaft  of  the  feinni'  was 
shattered  foi'  live  iindies  of  its  leiiii’th  and  laro'elv  reclnced  to  hone  sand, 
d'he  hnllet  passed  thi'onj^h  both  tlii^li  and  lef>’,  and  on  exainininjr  the  wound 
in  tin*  lattei-,  l)one  sand  and  several  fra^finents  of  hone  were  found  which 
had  heen  carricfl  tlii'on^h  the  iirst  wound  of  exit  and  driven  into  the  second 
wound  of  entrance  hy  the  force  of  the  missile. 

In  anothei-  instance  (Plate  XI\  ),  tlu*  whole  of  the  distal  part  of  a 
metacai])al  hoim  was  blown  ont  tln-onj>'h  the  exit  wound,  which  was  hut 
little  larj^-ei-  than  usnal. 

( /.  — ICi'jilnul rr  n n<l  flutet ui'i!  hij  rtmtnrt. 

•lolni  T.  Sullivan,  private*,  ('oinpaiiy  F,  TliirU'enth  Pnited  States  Infantry,  was 
wouii(lt‘<l  at  aoo-vinh  ranye*  l»y  a .Mau.'icr  hnllet,  which  passed  ohlicjaelv  thronyli  the 

hand,  fractured  the  third  metacarpal  lK)iie  hv 
contact,  completely  de.stroyed  the  distal  end  of 
tin*  fourth  metacarpal  hone,  atid  carried  out 
all  the  fragments  throuyh  tlie  exit  wound, 
'fhonyh  all  the  fragments  of  the  fourth  meta- 
carpal had  bee'll  driven  out  throuejh  the  exit 
wound,  the  wound  was  little  larger  than  the 
wound  of  entrance,  and  only  hy  u.se  of  the 
Riintgen  ray  would  it  have  heen  susjiOcteHl  that 
(he*  hnllet  had  made  a clean  re.section  (Plate 
XIV). 

The  hanel  was  dres.sed  with  the  tirst-aid 
elre'ssiug  and  the  patient  transferivd  to  the 
ge'ueral  hospital  at  Key  We.st.  On  arrival  at 
the*  hospital  the  wounds  were  found  a.soj)tic 
and  healed  (piickly,  hut  .some  impaiimem  of 
function  resulted,  as  the  .•soldier  writes  in  No- 
vemher,  IS'.tS:  **  Motion  of  middle,  ring,  and 
little  ling(*rs  much  restricted,  especially  in 
Kiu.  IS. — l)iaj;ram  rxplaiiatory  of  Plan*  llcxion.” 

XIV.  Till*  arrow  imlicalc.'i  tlic  com-?'c 

of  itu- iiiiilct.  Pi  tin*  case  above  given,  the  radio- 

graph shows  that  tin*  third  metacarpal 
bone  had  b(*en  shattered  bv  lateral  contact  of  the  bullet.  The  following  case 
Inrthei*  illustrates  this  inten'sting  form  of  fracture*.  In  this  class  of  cases, 
though  the  ball  baivly  grazes  the  bone,  the  energy  transmitted  laterally 
trom  the  swiftly  mo\  ing  missile  is  sullicient  to  jirodui’e  marked  comminution. 


PLATE  XIV. 


I’l.ATK  XIV. 


('ash  1,  Section  I\\ — .John  T.  Sulliviin,  jirivate,  (aanpany  F,  Thirteentli 

United  State.s  Infantry. 

Uadi<)gTa))li  of  left  liand,  viewed  from  tlie  back,  sliowin*^  <jfun.sliot 
fracture  of  third,  and  fonrtli  inetacarjial  bones.  The  distal  end  of  the  third 
metacarpal,  fractured  1)\'  contact;  the  distal  end  of  the  fourth  metacarpal, 
entirely  d(*stroyed  by  the  missile. 


PLATE  XIV 


PLATE  XA^ 


Vl.ATV:  XV. 


C'ase  2,  Section  IV. — Thomas  F.  Cavanauoh,  sor^mant,  Troop  (i, 
First  Fiiited  States  \'oluiiteer  Cavalry. 

l\a(lio”Tai)h  of  ri^-lit  forearm,  viewed  from  the  front,  .sliowiiig-  Maus(*r 
hullet  fracture  “hy  contact.” 


PLA'I  K XV 
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(}mt  3. — Frar.t u re  hij  contact ; opcratitm  at  field  laisj>ltalf  xupparatinn. 

Tlioniiis  F.  Cavaimuifh,  serjjoant,  'i'roop  (i.  First  United  State's  Volunteer 
Uavalrv,  was  wounded  at  a ranfje  estimated  at  under  400  yards  hy  a Mauser  bullet 
which  passed  across  the  front  of  the  riffht  forearm  at  its  lower  third,  sevi'red  the 
Hexor  tendons,  grazed  the  periosteum  of  the  radius,  and  shattenal  the  boiu'.  The 
track  of  the  bullet  was  laid  open  at  the  field  hospital,  the  tendons  sutured  and  the 
wound  united  by  silk  sutures.  'Phe  patient  was  transferred  to  the  (ieneral  Hospital, 
Key  West.  On  his  arrival  there,  pus  was  e.seaping  from  between  the  .sutures  and 
the  wound  was  tense,  bulging,  and  much  inflamed.  The  sutures  were  removed  under 
amesthesia  and  the  wound  carefully  cleansed.  Owing  to  extensive  inflammation  and 
suppuration,  it  was  found  impossible  to  unite  the  tendons.  A I'adiograph  (Plate  XV), 
was  taken  which  showed  excellently  the 

shattered  condition  of  the  radius  and  the  \ 

longitudinalh"  disposed  fissures  between 
the  bone  splinters.  The  wound  was 
treat('d  with  antiseptic  applications,  f)ut 
had  not  entireh"  healed  when  the  patient 
was  transferred  noidh,  August  22,  IShfS. 

In  November  of  the  same  year,  the  sol- 
dier writes  that  he  has  no  use  of  the 
hand,  the  fingers  remaining  stiff.  The 
disability  i>^  probably  permanent. 

SUBCLASS  2.— FRACTURES  BY  PERFO- 
RATING BULLETS  STRIKING  THE 
BONE  IN  THE  MEDIAN  LINE. 

Case  S.  — Comminuted  fracture  of 
femur  due  to  median  impact  of  hail; 
aseptic  vmmd;  recovei'y  without  compli- 
catdms. 

John  Robertson,  second  lieutenant. 

Sixth  United  States  Infantry,  wounded 
Jid\"  1,  by  a Mauser  bullet,  which  entered 
the  anterior  sm-face  of  the  right  thigh 
just  below  Scarpa’s  triangle,  passed  from 
before  backward  through  the  femur,  and 
passed  out  directly  posterior.  There  was  profuse  hemorrhage,  which  was  partly 
controlled  by  an  improvised  tournitpiet  applied  by  an  officer  of  the  line.  Lieutenant 
Robertson  was  carried  to  the  rear  by  the  men  of  his  command  and  while  thus  con- 
veyed. he  was  shot  in  the  left  side,  the  bullet  entering  just  below  the  inferior  angle  of 
the  left  scapula,  passing  beneath  the  muscles,  but  not  through  the  thoracic  wall,  and 
making  exit  just  below  the  left  nipple.  With  these  wounds  of  entrance  and  exit,  it 
was  at  first  thought  that  the  bullet  had  passed  through  the  chest;  that  it  did  not  do  so 
was  due  to  the  extreme  outward  displacement  of  the  angles  of  the  scapuhe,  from  his 
being,  at  the  time,  lifted  by  the  armpits.  The  first  dressing  was  applied  at  the 
6648 7 
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ticlcl  li<)S])itul.  TIm‘  fnicture  was  flrossecl  l»y  tlu*  use  of  a lonjr  splint.  Tninsfcrred 
.Inly  1*.  to  Third  Division  Hospital  a?id  two  days  later  to  the  Ilvlief.  At  this  time, 
both  chest  wounds  wen*  healed.  The  thi^h  wounds  remained  aseptic.  .V  radioirraph 
showed  i^reat  comminution  and  displacement  of  the  fragments  hy  overlapping 
(Plate  XVI). 

The  fracture  was  then  treated  by  contining  the  limb  upon  a double  inclined 
plane,  consisting  of  a hollow  posterior  splint,  made  of  the  sheath  of  the  leaf  of  the 
cocoa  palm,  to  which  was  added  an  anterior  thigh  splint  of  wire  gjiuze.  After 
dre.ssing  the  limb  was  placed  in  a sling.  Sub.se(|uently  a Buck's  extension  wjis 
apj)lied  and  finally  a ])laster  .sjdint.  The  final  result  was  excellent,  for,  though  there 
was  H inches  shortening,  the  callus  was  firm  (Plate  XVII),  and  the  ixjsition  and 
functional  use  of  the  limb  were  excellent. 

The  al)()ve  case  is  very  instructive,  as  it  illustrates  the  po.ssihilities  of 
conservative  treatment  in  marked  comminnlion  of  the  shafts  (>f  long  hones 
where  the  wound  is  ase])tic. 

Excellent  examples  of  the  effect  of  the  small  caliber  bullet  when  it 
j)asses  directly  through  the  shaft  of  a small  bone  of  the  hand  or  foot  are 
given  in  the  following  cases,  with  their  accompanving  radiographs : 

fW.we  ]f.. — Clause)'  hnllct  looimd  of  jinget\  untJt  compound  fracture  of  xeamd 
]>kalan :i\  fourth  fi n ger. 

(rcorgc  H.  Dc  Revere,  private.  Company  L,  Second  Massachusetts  Volunteer 
Infantry,  was  w'ounded  July  1,  at  unknown  range,  by  a Mauser  bullet  which  pas.sed 
oblitpiely  through  the  fourth  finger  of  the  left  hand,  shattered  the  second  ])halanx. 
and  then  pa.sscd  across  the  top  of  the  second  metacarpo-])halangcal  joint  of  the  middle 
finger,  producing  a lacerated  woinul  of  the  joint. 

The  patient  was  transferred  to  the  general  hospital.  Key  We.st,  where  the 
radiograph  shown  in  Plate  XVHl  was  taken.  The  bullet  had  pa.sscd  centrally 
through  the  finger.  The  wounds  of  entrance  and  exit  were  very  small.  They  had 
been  dressed  with  a first  aid  dressing,  were  aseptic,  and  healed  (piickly.  A jialmar 
splint  was  applit'd  and  the  fracture  treated  as  a simple  one.  In  November, 
the  patient  wrote  that  there  was  complete  atikylosis  of  the  second  joint  <)f  the 
ring  finger. 

Caxe  f). — Gunnhot  fracture  <dl  metatarxa!  tunux  of  foot  ; xejdic  v'ound  ; anti- 
xejdic  treatment ; recovery  autland  amputation. 

Carl  F.  Meyer,  privafe,  Company  D.  Sixth  Cnited  Stub's  Infantry,  wius 
wounded  at  about  3U0  yards  range  by  a Mauser  bullet,  which  piussed  transversely 
through  the  foot  and  metatarsal  l)ones  from  without  inward.  First  aid  dressing 
was  applii'd  directly  after  rc'ceipt  of  the  injury.  Wound  redres,sed  three  days  later, 
at  which  time  foot  was  much  swollen  and  ))ainful.  Patient  stated  that  he  was  at 
that  time  given  an  aiuesthetic  and  that  the  foot  was  cut.''  Was  transferred  to  the 
lit! of  where  the  radiograph  (Plate  XIX)  was  taken.  The  wounds  were  treated 
with  antiseptic  dressings  and  tinally  healed,  l)ut  impaired  u.se  of  the  foot  lead  to 
discharge  for  di.sability.  Sixteen  months  after  the  injury,  the  .second  radiograph 


PLATE  XVI. 


I’LATK  XVI. 

Case  3,  Seci  ion  1\  . — -Jolin  Holjertsoii,  second  lieutenant,  JSixtli 
Tinted  States  Infantry. 

l{adi()<»Ta])li  of  rio-Jit  tliijih,  viewed  from  the  hack,  .sliowingf  Manser 
hullet  fractni-e  with  extensive  comniinution  due  to  vertical,  median  imjiact 
amdiist  the  shaft  of  the  femur. 
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PLATE  XVI. 
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PLATE  XVII. 


PLATK  XVII. 


Case  3,  Section  IV. — Jolin  Robertson,  second  lientennnt,  Sixtli 
United  States  Infantry. 

RadiooTapli  of  rig'lit  tln<r]i,  viewed  from  tlie  liaek,  showinji'  condition 
of  the  united  fracture  one  year  after  receipt  of  the  trainnatism. 


PLATE  XVII 
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1‘LATK  XVIir. 


Case  4,  Section  IV. — (Tcor<>e  II.  Di*  Revere,  private,  C'ompaiiv 
Second  Massacliu.setts  Volunteer  Int’antry. 

Radiojirapli  of  left  hand,  viewed  from  the  palmar  surface,  show 
effect  of  the  iias.sage  of  a 3Ianser  Imllet  ohlicpielv  through  a phalanx. 


PLATE  XVIIl. 
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ri.ATK  XIX. 

Case  5,  Section  IV. — Carl  F.  Moyer,  ])rivate,  Company  D,  Sixth 
Cnited  States  Infantry. 

Hadiog-raphs  of  riglit  foot,  viewed  from  the  plantar  surface,  showing: 
recent  and  remote  effects  of  the  })assage  of  a Mauser  bullet  throug:h  the 
metaear])al  l)ones.  The  j)assa<^e  of  the  hall  from  within  outward  has  pro- 
jected hone  frag'inents  outwai'd,  which  liave  united  with  the  neig'hhoring: 
hones  and  forme<l  a l)onv  hridm*  locking  the  hones  tou'ether. 


PLATE  XIX. 
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(Plato  XIX)  was  taken,  and  is  of  iiitorost  as  showing  tho  condition  at  that  late 
date.  The  displaced  frai;inonts  of  hone  had  all  unit('d,  fonninjj  a solid  hony  hridf^o 
hiiuUn<j  tho  inotatarsals  tojjfothor  in  iinniovahlo  union.  The  occurronco  of  this 
result  would  .sooiu  to  i)oint  to  tho  desirahilitv  of  thoroughly  cleaning  the  wound  of 
all  hone  fragments  in  these  cases  in  order  to  prevent  the  impaired  function  which 
is  hound  to  occur  in  the  hand  or  foot  as  a result  of  the  o.sseous  union  of  the  displaced 
fragments. — Vnw  rejxirti'dlni  Mnj.  Ltmix  A.  La  (rimlx,  suryeatt,  JJ.  S.  A. 

SUBCL.\SS  FR.\CTrKES  BY  BULLETS  STRIKINU  THE  I50XE  T.\N(;ENTI.\LT>Y. 

Wlioro  tlio  velocity  of  the  bullet  is  somewhat  dimiiiished,  and  it  strikes 
a bone  tangentially,  the  amount  of  comminution  is  not  as  great  as  wlum 
the  ball  is  at  high  Yelocity  or  the  impact  is  medium  and  direct. 

When  the  impact  is  to  one  side  of  the 
median  line  of  the  bone,  the  splintering  is 
greatest  on  the  side  struck,  and  is  generalh' 
confined  to  that  side. 

Case  G. — Ohllque  f racture  (f  radius;  xoound 
i^tflored  at  field  hospital;  suqrpuration;  antiseptii 
treat  men  t;  recovex'y. 

John  Brown,  private.  Troop  C,  Tenth  United 
States  Cavalry,  was  wounded  July  1,  at  200  yards 
range,  hy  a Mauser  hullet  which  passed  from  be- 
fore backward  through  the  forearm,  fracturing  the 
radius. 

He  was  tran-sferred  to  the  general  hospital. 

Key  West,  where  he  arrived  live  days  after  the 
receipt  of  the  injury.  On  examination,  the  wound 
of  entrance  was  seen  to  have  been  enlarged  by  in- 
cision, and  the  patient  stated  that  it  had  been  oper- 
ated on  at  the  field  hospital,  but  did  not  know  what 
had  been  done.  The  wound  was  suppurating,  there 
was  no  union,  and  there  was  marked  tension  on  the 
stitches.  The  wound  was  laid  open  under  ames- 
thesia,  thoroughlv  cleansed,  a fragment  of  bone 

’ o * o 

7 cm.  long  and  2 cm.  wide,  was  removed,  and  an 
iodoform  gauze  drain  was  inserted.  ^Vith  the  linger 
in  the  wound,  it  was  found  that  best  apposition  was 
obtained  when  the  forearm  was  fully  extended  and  pronated.  A long  posterior 
splint  was  applied  to  the  arm,  holding  it  in  that  position,  after  which,  examination 
with  the  duoroscope  demonstrated  that  the  bones  were  held  in  correct  position.  A 
radiograph  taken  at  this  time  shows  the  position  of  the  bones  after  the  splint  was 
applied,  the  oblique  form  of  fracture,  the  loss  of  bone  sustained  by  removal  of  the 
fragment,  and  that  the  bullet  had  passed  through  the  radius  at  its  outer  side  (Plate 
XX). 


Fig.  20.  — Diafrrani  explanatory  of 
Plate  XX.  a,  Place  of  impact  of 
bullet;  6,  site  of  removed  bone 
frafrment. 
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'I'horo  was  no  iiiHainnmtorv  reaction  or  rise  of  tenipei-ature  followinjj  the 
operation.  The  wound  was  flushed  daily  with  hydrogen  peroxide  and  normal  salt 
solution,  atul  was  entirely  closed  with  tinu  callus  at  the  seat  of  the  fi-acture.  August 
It),  when  he  was  transferred  to  the  transport  Sim  Marcus.  January  4,  his  attending 
surgeon  r(‘ports: 

“The  removed  hone  .seems  to  have  been  largely  replaced  and  the  hand  and  forearm 
present  a good  form.  The  joints  are  freely  movahle.  passively  and  actively,  hut  all 
motions  are  feehle.  The  hand  hangs  semiHexed  on  the  wrist.  Adduction.  aUluction. 
Ilexion.  extension,  circumduction.  ])ronation  and  supi)ination  are  pre.sent  on  voluntary 
etlort,  hut  all  arc  feehle.  Flexion  of  the  fingers  is  limited  to  the  .second  and  third 
joints;  the  grasp  is  very  feehle.  The  thumh  can  he  api)roximated  to  each  of  the 
fingers  suflicienfh'  to  ]>ick  u])  a pencil,  hut  there  is  little  power  in  it.  The  hand  is 
relatively  of  little  u.se.  ahsolutely  of  considerable.'’  The  patient  has  since  Imhui  dis- 
charged for  disability  and  admitted  to  the  Soldiers'  Home  at  Washington.  H.  C. 

The  al)()ve  case  is  of  iiitere.st  from  its  excellent  ])rogress  under  antiseptic 
treatment.  As  the  wound  was  infected,  this  case  would  formerly  have 
re(iuir(*d  amputation,  but  as  it  is,  the  arm,  while  disabled,  is  re])orted  to  be 
of  considerable  use;  certainh'  better  than  no  arm  at  all.  As  the  bones 
united  hrmlv,  the  resulting  di.sability  is  ])robably  mainly  due  to  the  injury 
to  the  soft  parts. 

Case  7. — Incomplete  fract  are  of  radius;  aseptic  v'ound;  resulting  impaired  motion 
due  to  cicatriic. 

Dennis  B.  Watson,  private.  Troop  C,  First  Fnited  States  Cavalry,  was  wounded 
July  1,  at  800  yards,  by  a Mauser  bullet  which  passed  from  behind  forward  through 
the  outer  side  of  the  right  forearm,  fracturing  the  radius. 

'I'he  wound  was  dressed  with  the  Hrst-aid  dressing.  Splints  were  applied  and 
the  \)atient  transferred  by  the  steamer  /roguois  to  the  general  hospital  at  Key  West. 
On  his  arrival  the  wounds  were  aseptic  and  quickly  healed.  A radiograph  was  taken 
which  showed  an  incomplete  fracture  with  right-angled  displacement  of  a fragment 
of  l)onc  (Plate  XXI). 

,\s  the  displacement  was  outward,  it  was  thought  that  the  rotation  of  the  radius 
would  not  be  interfered  with,  and  that  the  fragment  could  be  removed  later  if  neces- 
•sary.  I'he  patient  was  furloughed  August  T,  at  which  time,  thougli  motion  of  the 
forearm  was  limited,  there  seemed  to  be  every  indication  that  its  full  use  would  bo 
re.stored.  Such  did  not  j)rove  to  be  the  case,  as  his  attending  surgeon  in  November 
wrote:  “Soldier  has  not  full  use  of  the  arm  and  has  been  recommended  for  discharge 
on  surgeon's  certificate  of  disability." 

'I'he  j)atient  was  afterwards  di.scharged  for  disability  and  et\tered  the  Soldiers' 
Home,  Washington,  1).  ('.,  where  recent  examination  of  the  case  shows  that  the 
impaired  motion  is  due  to  the  injury  of  the  soft  parts  and  resulting  formation  of 
cieitricial  tissue  in  the  track  of  the  ball. 


PLATE  XX. 


I’LATK  XX. 


(!.\se  (),  Section  IV. — John  Brown,  private,  Troop  Tenth  Tnited 
States  (’avalry. 

l\a(lio<iraph  of  left  forearm,  viewed  from  tlie  posterior  surface,  foi'earm 
sn))inated,  showinij  efl’ect  of  tlie  passage  of  a iManser  bullet  through  the 
side  of  the  shaft  of  the  railiiis.  The  comminution  is  not  extensive,  one 
fragment  of  bone  only  having  been  sejiarated  from  the  shaft  at  its  outer 
side. 

\ 


PLATE  XXI. 


PLATK  XXI. 


(’ask  7,  Sec'i'iox  W. — Dennis  H.  Wntson,  private,  Troo])  (’,  First  Fniied 
Stat(‘s  C-'avalry. 

lva(li()}^ra])li  ot  riolil  forearm,  viewed  from  the  posterior  surface, 
forearm  ])ronated,  showinp-  inconi])lete  fracture  and  rio-ht  angled  displace- 
ment of  a bone  fragment  from  })assage  of  a Mauser  bullet  through  the  outer 
side  of  radius. 


PLATE  XXI 


PLATE  XXII. 


PLATE  XXII. 


(,’ase  <S,  Section  IV. — AUkmI  H.  Swift,  private,  C’oiniiany  II,  IVutli 
Lnited  States  C’avalry. 

l\a(li()j>Tai)li  of  upper  )>art  of  arm,  viewed  from  the  liaek,  sliowiiijr 
loiu>-,  oliliipie  fracture  with  no  comminution,  jiroduced  hy  Mauser  Imllet 
which  struck  the  shaft  of  the  humerus  at  its  outer  side. 


PLATH  XXII 


THE  MELIOTYPE  PRINTING  CO..  BOSTON. 
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PLATE  XXIIl. 


PLATK  XXIII. 


Cask  J),  Section  IV. — Frank  .1.  Kraus,  ju-ivate,  (’ompaiiy  H,  Six- 
teentli  Fnited  States  Infantry. 

I\a(li()<>Ta])li  of  tlie  lower  part  of  the  riglit  thigh,  viewed  from  the  pos- 
tei’ior  surface,  showing  an  ohlicpie  fracture  of  the  femur  1)V  a penetrating, 
-Manser  bullet.  The  bullet  is  seen  behind  the  inner  coiuh  le  lying  butt  end 
foremost. 


PLATE  XXIII 


OrNSHOT  OF  TIIK  DIAFIIVSES. 
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C<tx>'  <'?. — fr<t(‘tur<‘  of  Iiiiiiktiix  from  ftnuitoiflol  imjxtrt  of  holl ; tou'pfir 
won  0(1. 

Albert  B.  vSwift,  ])rivate.  Company  II,  Tontli  Cavalry,  was  twice  wounded 
July  1.  One  bulbd  passed  through  the  ulna  at  lower  third,  shattering  the  bone,  and 
a resection  was  made  at  the  Held  hospital.  The  second  l)ullet  pass(>d  from  before 
backward  through  the  arm  at  the  upper  third,  striking  the  humei-us  at  its  outm- 
side  and  producing  a long,  oblique  fracture  with  no  comminution  (Plate  XXII). 
'I'he  arm  was  immobilized  and  union  occurred  without  trouble.  Dischai’gi'  followed 
for  disability  resulting  from  the  injuiy  to  the  ulna.  — fW'  lilxtonj  coinjillrd  from 
re(‘(mlx  In  Sur(/('(m-(r)')trr(trx 


CLASS  2.— FRACTURES  BY  UNDEFORMED  BULLETS  HAVING  SUFFICIENT 
VELOCITY  TO  PENETRATE  ONLY. 

F^ractuivs  by  liullets  having  o-reatly  reduced  velocity  are  usuallv 
characterized  by  small  amount  of  bone  splintering.  The  fractures  closelv 
resemble  the  simpler  forms  of  fracture  jiroduced  by  indirect  violence,  and 
this,  apparently,  whether  the  bullet  jiasses  through  the  bone  or  fractures  it 
bv  ini])act. 

f W.S-C  ,9.  — Fracture  of  femur  tnj  ricochet  half  ('otcring  l>\itt  cod  foremoxt ; u.xcptic 
wound. 

Frank  J.  Kraus,  private.  Company  B,  Sixteenth  I’nited  States  Infantry,  wa.s 
wounded  didy  l,at  a supposed  range  of  oUO  yards  by  a Mauser  bullet,  which  entered 
the  body  just  to  the  right  of  the  tip  of  the  coccyx.  The  wound  was  dressed  and  the 
patient  transferred  to  the  Relief  where  a radiograph  was  taken.  'Phe  radiograph 
(Plate  XXIII),  showed  an  uncomminuted  oblique  fracture  of  the  right  femur  in  the 
lower  third,  and  the  bullet  lodged,  butt  end  foremost  just  behind  the  inner  condyle. 
The  line  of  fracture  was  from  above  downward  and  from  behind  forward,  and  had 
apparently  been  made  by  the  bullet  impinging  against  the  bone.  Recovery  was 
uneventful,  but  the  limb  was  shortened  '1  inches,  and  the  soldier  was  tinallv  dis- 
charged for  disability. — Caxe  hi.dory  compiled  from  rccord.'<  in  t^urijeon-Gcncrarx 
Office. 

Caxe  10. — Fra<iture  <f  huou-rux  hy  impact  (f  ^fau.x(W  huJlet;  axeptic  wound; 
re.^uJti o(j  d i,xahil ity. 

Clarence  Reed,  private.  Company  II,  Tenth  United  States  Infantry,  July  1,  erect 
position,  5U0  yards  from  tiring  line,  received  two  gunshot  wounds.  He  was  trans- 
ferred to  the  Relief  where  the  following  wounds  were  found:  One,  a Hesh  wound,  per- 
forating right  arm,  producing  paralysis  of  the  arm;  the  other,  an  entrance  wound  over 
third  rib,  anterior  part  of  thorax,  was  lacerated,  triangular  in  shape,  base  toward 
right  side,  about  1 inch  wide  at  base  and  2 inches  long.  I.,eft  arm  showed  extravasa- 
tion from  clavicle  down  to  wrist.  Oblique  fracture  of  upper  part  of  humerus. 
Radiograph  (Plate  XXIV)  shows  iMauser  bullet  close  to  inner  side  of  humerus  at 
point  of  fracture,  entrance  evidently  right  anterior  surface  of  thorax.  July  12, 
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anjruliir  splint  of  pulin  l»ark  applied.  ext(Midiii{r  from  shoulder  to  wrist,  liadiotfraph 
showed  no  other  hullets,  and  ])osition  of  splint  very  <;ood.  July  28,  wounds  healed. 
C'onsiderahle  callus  about  fracture  and  partial  unio!i. 

November  17.  iS'.h),  diseharj^ed  on  suiyeoirs  eertiticate  of  disability  for  “motor 
and  sensory  ])aralysis  and  trophic  changes.” — Cuxe  hixfdrij  contjnltil  fr>nn  hntejntiil 
records  of  hoKjntnl  xhij>  lielief  nnd  n-corflx  of  tJo’  Siityeon- (feio-riir x Ojfict-. 

In  the  above  ease,  the  bullet  must  have  traversed  the  anterior  thoraeie 
wall  and  entered  the  arm  behind  the  axillarv  folds,  struck  the  huinerus  (*n  its 
inner  side,  and  fi'actured  it.  Fhe  utter  impossibility  of  loeatino;  this  bullet 
bv  means  of  a ])robe  is  evident. 

('nxe  11. — Kractiiri'  oJ~  nliui  v'ith  nioth'rnti-  com  nn  nut  mu  hy  prutt  rut  my  Munxt-r 
hutlct ; ux(>ptic  u'oinul;  hullet  locuttd  hy  Rontyeu  ray  ami  rcmoccd. 

John  Casey,  private.  C'ompany  C,  riiirteenth  United  States  Infantry,  was 
wounded  July  1,  at  an  estimated  rant;e  of  400  yards,  by  a j)enetratiiiw’  Mau.st*r  bullet, 
which  entered  the  posterior  and  outer  aspect  of  the  forearm  at  the  lower  third.  Fhe 
wound  was  dre.ssed  with  a tirst-aid  dressing’  and  the  patient  transferred  to  the  genenil 
hospital  at  Key  West.  E.xamined  there  July  0;  wound  small  atid  a.septie.  Fracture  of 
ulna  at  middle  third.  E.xamined  with  the  tluoroscope.  but  the  static  machine  from  the 
e.xce.ssive  dampne.ss  of  the  atmosphere  was  not  workinj^  well,  and  what  was  thoujifht 
to  b(>  a bullet  was  dimly  seen  directly  over  the  fracture.  This  was  cut  down  upon. 
July  0.  under  a.septie  precautions,  when  the  suppo.sed  bullet  was  found  to  be  a fnijr- 
ment  of  bone.  This  was  removed  and  the  wound  healed  by  tir.st  intention,  .'^ubse- 
(juent  .search,  with  better  lio;ht,  showed  the  bullet  lodjjed.  butt  end  foremost,  near 
the  inteinal  condyle  of  the  humerus  beneath  the  flexor  profundes  dijjitorum.  It  was 
nmioved  July  28.  fhe  ball  had  evidently  ricochetted.  turned  end  for  end.  and  with 
reduced  velocity  entei  ed  the  arm  and  passed  through  the  ulna.  The  ulna  was  broken 
transversely  and  some  small  fragments  of  bone  separated  (Elate  XXV). 


CLASS  3.— FRACTURES  BY  PENETRATING,  DEFORMED  BULLETS. 

I ’enetrnling,  defoi-iiuHl  l)iillets  aj)])car  to  j)ro(luce  fraeturi*s  of  the  shaft 
of  the  long  bom*s  wliieh  are  similar  in  form  t<*  thos(*  produeetl  by  undi*- 
forined  bullets,  unless  the  deformation  of  the  bullet  is  exe(*ssive.  Like  the 
j)enetrating,  undeforuu*d  bullets,  .slightlv  deformed  bullets  produce  oblicpu* 
IVaetures  with  little  splintering,  whih*  greatly  deforuu‘(l  and  umshrooiued 
bulhds  ])roduee  marked  eouuuiuution  of  the  bom*. 

C.\sK  12. — t'taiim  'matiil  fracture  of  f'laar  hy  Maa.x,r  halht  " maxhrixamd"  hy 
ricochrt  ; htao  fraymeatx  rrauo'rd  ; a'oaml  trrut<d  <mt oxijtt icull y ; rrcoci-ry  icithoat 
a mjoitat  ion . 

Daniel  J.  (Jraves,  ])rivate.  Com]»any  M.  Eleventh  United  Stat«*s  Infantry,  was 
wounded  at  Mayague/.,  I*.  K..  .Vugust  10.  ISUS.  Wound  of  entnince.  inner  side, 
lower  third,  right  thigh.  Fi'inur  fnictured;  no  wound  t)f  exit.  I’atient  was  tnuis- 


PI.ATB  XXIV. 


PLATE  XXIV. 


C'ase  10,  Section  IV. — Clan'iice  Peed,  jirivate,  Coinjiany  II,  Tenth 
United  States  Infantry. 

Radi()^Ta])li  of  proximal  part  of  tlie  left  lunnerns,  viewed  from  the 
hack,  showin*^- fracture  of  the  humerus  produced  livimjiact  of  a penetrating 
.Mauser  bullet  against  the  inner  side  of  the  bone.  The  bullet,  which  has 
been  turned  by  the  inpiact,  is  seen  lying-  against  the  inner  .side  of  the 
humerus. 


PLATE  XXIV 


the  HELIOTVEE  printing  CO.,  BOSTON. 


PLATE  XXA 


VLXTV:  XXV. 


C'.\sE  11,  Section  IV. — .lohn  Cn.sey,  })riviite,  Com})aiiy  C,  I hiiToenth 
United  States  Infantry. 

Kadiograidi  of  right  forearm,  vieAved  from  tlie  anterior  sui-faee,  sliowing 
fracture  of  the  idna  1)A'  a ])enetrating,  Mauser  bullet,  ddie  comminution  is 
moderate  and  does  n<»t  extend  far  from  the  line  of  fracture. 


PLATE  XXV. 


DCFECr 

flATE. 


FRACTimL'. 


THt  MEUOTVPE  PRIKTIMG  CO.,  BOSTON. 


PLATE  XXVI. 


PT.ATE  XXVI. 


Case  12,  Section  IV. — Daniel  .1.  Graves,  private,  Company  M,  Elev- 
enth United  States  Int'antry. 

Kadiograpji  of  rig-lit  tliig-li,  viewed  from  the  back,  showing-  extensively 
comniinnted  fracture  of  the  femur  by  a penetrating-,  Mau.ser  bullet  mush- 
roomed by  ricochet.  The  bullet  is  seen  lying-  at  the  outer  side  of  the  bone 
through  winch  it  has  passed. 


PLATE  XXVI 


THE  MEUOTYPE  oqiNTING  CO.,  BOSTON. 


PLATE  XX  A ^11. 


PLATE  XXVII. 

PlH»toofra])h  of  l)one  frag’ments,  natural  .size,  in  tlie  case  ot  Daniel  .1. 
Cfra\-es,  private,  Conipaiiy  M,  Eleventh  L^nited  States  Infantry. 


plate  XXVII. 


FKAC'trHKS  BY  DKFOKMED  BFLLKTS. 
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forred  to  Ri'lirf,  wluMV  radiojiniph  (Blatc  XXVI)  showed  fracture*  by  a iimshroomed 
bullet;  eoniniiuutiou  great. 

The  bullet  had  passed  througli  the  bone  and  lay  on  the  outer  side  of  the  femur 
18  cm.  above  condyle.  August  IS,  the  l)ullet  (No.  S,  Plate*  II)  and  several  fragments 
of  bone  were  renu)ve*el  threeugh  an  ine-isiem  made  e)ii  the*  e)uter  side  e>f  the*  thigli. 
The  fragments  reme)ve*d  are*  she)wn  in  Plate*  XXVII,  anel  this,  witli  the  raelie)graph, 
shows  the  grenit  amount  e>f  be)ne  splintering  whie-h  ex-curs  in  frae-ture  l»y  a mush- 
roomed bullet.  A plaster  splint  was  applie*el.  The  ])atient  was  transferred  from  the 


licllef  to  the  Long  Island  Ce)llege*  He)spital.  He  tinally  re*ce)vered  with  2^  ine-hes 
shortening  of  the  limb,  and  was  discharged  fe)r  disability. — Cmi-  hixtonj  from 
ri-conh  in  thr  Surc/eon-  GencraP.'i  Ojfice. 

The  t’ollowing  case  is  e^t’  interest  in  that  the  femur  was  haelly  shattered 
and  two  deformed  bullets  were  embedded  in  the  limb.  One  Indlet  was  a 
Mauser  (Xo.  6,  Plate  II);  the  other  the  lead  core  of  a brass-jacketed  bullet 
from  which  the  jacket  had  been  torn  by  ricochet.  Whether  the  fracture 
was  made  by  one  or  both  bullets  it  was  iiuuossible  to  deteriuiue. 
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( ’(iMt' 13. — nit ij)h‘ mini nd  nf  ihiijh;  tmo  hnlhln  JikIijiiI;  lu  ttrt ><m ; ninjmtn- 
ti<m;  r(mt/vt  n/ . 


(r(‘ort;«‘  Rjirkor,  corporal.  Company  K.  Twcnty-fourtli  Cnitcd  Stati's  Infantry, 
was  wounded  duly  1.  Transferred  to  the  Rdlef.  where  the  radio};niidi  shown  in 
lMat<‘  XX\T11  was  taken,  and  from  the  Relief  was  transferred  to  the  Ivonjr  Island 
College  Hospital. 

History  at  hospital  as  follows:  Two  wounds  of  entrance  on  outer  surface  of 
right  thigh  at  junction  of  middle  and  lower  thirds:  no  wound  of  exit.  Wound 
about  the  .size  of  a (piarter.  granulating,  but  .secreting'  a large  (piantity  of  .sero- 
})ui'ulent  lliiid,  and  by  compre.ssion  along  detinit('  track,  pus  di.scharg'ed  in  large 
quantities;  small  sinus  leading  to  .seat  of  fracture  discovered;  knee  joint  contairu'd 
considerable  tluid;  thigh  .swollen.  Temperature.  iUO'^  to  10;^°  F.  Intellection 
imj)aired;  circulation  feeble. 

August  !>.  18‘.KS,  o])(>ration  by  Dr.  Ih'latour.  .imputation  by  tran.'^tixing  in 
middh*  of  thiid  of  thigh.  Rocket  of  pus  found  on  outer  side  of  posterior  Hap.  All 
wounds  freely  bathed  in  pus.  .Sutures  applied  along  inner  and  outer  side  of  Haps 
and  partially  on  antmior  l)order.  Drained  with  tubes  in  pocket  of  pus  in  iM)sterior 
tlai  )s  and  gauz('  in  the  other  portion.  Mauser  bullet  (No.  ti,  Plate  II).  found  in  leg 
just  behind  head  of  tibia  in  one-half  ounce  of  pus.  In  lower  third  of  thigh,  just 
at)ove  condyles  and  outer  surfac('.  a .second  Hatteiu'd  bullet  (No.  2.  Plate  TX). 
Femur  at  point  of  fracture  badly  comminuted.  Above  point  of  amj)utation.  bone 
apparently  .sound,  daps  congested.  .Septic  temperature  ai)peared  .soon  after  the 
oj)eration  and  the  sutures  were  removed  to  .secure  fri'e  drainage.  .Sinus  was  found 
between  the  flaps  and  I'unning  up  beside  the  femui'  .5  inches.  'Hns  closed  in  few 
days,  the  Haps  granulated  and  were  enfolded  l)v  the  conti'acting  cicatrix.  'I'he 
patii'nt  was  delirious  for  two  weeks  following  operation,  but  recovered  from  this 
completely. 


'Preatment  of  wound:  Cleansing  with  .solution  of  l)i- 
chloride  of  mercury.  ai)i>lication  of  sterile  gauze  dre.ssing, 
adhesive  straps  u.sed  to  a])proximate  the  daps.  On  dis- 
charge. a chain  granulating  surface  remains  3 inches  long 
and  inches  wide,  situated  on  the  posterior  dap  at  its 
junction  with  the  anterior. 

November  25,  patient  discharged  from  ho.spital;  gen- 
eral condition,  very  good.  — Caw  history  frnin  Lnuy  Islumi 
(’olleije  Ilnspital,  RrnoK'lyn.  A’!  I" 

In  the  following  case  a hrass-jackoted  bullet 
ricocliettial,  jienetrated  the  leg,  and  inadi'  a long, 
ol)li(|ue,  li.ssured  iVaetiire  of  the  tibia. 


Fifi.  22. — Diimnim  cxpliin-  ('nxe  IJ^. — Ohliqu,  fraeture  of  tihin  hy  IihIiikK  hraxK- 

atory.-f  Plate  XXIX.  j,,rhrf,  dh, diet;  ration. 

fniirment  of  nmnlle  of  ^ . ''“'V'  private.  ( ompany  C.  Eighth 

hniK.t.  Cnited  Stjites  Infantry,  wouiuhal  tit  300  yards  rang'e  by  ti 

bra.ss-jackett'd  bullet  (No.  3.  Plate  IX). 

Pile  bullet  entered  at  the  intenml  surfaci'.  lower  third  of  the  left  leg.  passed 
through  the  bone,  and  lodged  in  the  ti.ssues  on  the  outer  side.  The  bullet  was 


P3.ATE  XXA'ni. 


6648 !) 


1‘LATK  XXVI 11. 


Case  13,  Section  1\'. — (ieor^e  Parker,  eor|)oral.  Company  K,  Tweiity- 
touith  Uuite<l  States  Int’antrv. 

l\a(lio<iTai»li  of  lower  pai't  of  rijjflit  tlii^li,  viewed  from  the  hack,  sliow- 
in<i'  a mucli-commiimted  fracture,  two  lodo-ed  l)ullets,  and  a fraii'ment  of 
metal.  One  missile  is  the  much-deformed,  lead  core  of  a hrass-jacketed 
bullet;  the  other  a deformed,  .Mauser  bullet.  It  is  not  kiu)wu  by  which 
missile  the  fi’acture  was  made. 


PLATE  XXVIII. 


~‘W 


PLAICE  XXIX. 


l‘LATE  XXIX. 

Cask  14,  Section  I\  . — John  A.  Baronoski,  private,  Conipanv  (’,  Kijjflith 
Cnit(Ml  States  Infantry. 

Ihuliograph  of  left  leg,  viewed  from  the  front,  sliowing  long,  ohlicpie 
fracture  of  the  tibia,  made  by  a brass-jacketed  bullet,  a fragment  of  the 
mantle  of  which  is  lying  at  the  side  of  the  tibula. 
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roinovofl  at  tlio  Hold  hosj)ital  and  the  lo<;  ])ut  up  in  j)last('r.  Sii])puration  su|)orv(‘n('d, 
and  tlio  patient  was  transforrod  to  the  wlioro  the  Hontj^on  ray  showed  a piece 

of  the  jacket  of  the  l»ullet  still  in  the  tissues,  and  that  (In*  l)all  had  j)roduced  a lon}^, 
ohlicpie  fracture,  extending'  upward  from  the  point  of  impact  of  the  liullet  neai  ly  to 
the  condyles  of  the  tibia  (Flat('  XXIX). — fW.vc  hlxfoni  rompHtd  from  n-ronlx  in 
thr  Snr(/ro/l-(rr)lf'roPx 


CLINICAL  CONCLUSIONS. 

(’ousideration  of’  o’unsliot  traumatisms  of’  the  sliaft  of  lou<>-  Ixmos,  as 
shown  by  the  Riint^eii  I'ay  in  connection  with  the  ultimate  outcome  of 
the  cases,  points  indubitably  to  the  conclusion,  that  infeidion,  or  noninfec- 
tion of  the  wound  should  influence  treatment,  rather  than  the  amount  or 
extent  of  bone  comminution. 

In  noninfected  wounds,  extensive  comminution  is  not,  as  a rule,  an 
indication  for  operative  inteid’erence  of  any  kind.  Occlusive  dressing’s  and 
immobilization  give  assurance  of  the  be.st  possible  results,  \\diere  there 
is  considerable  comminution,  shortening-  of  the  limb  will  probably  octfur  as  a 
result  of  the  comminution  and  the  disjilacement  of  the  bone  fragments.  But 
excellent  functional  use  of  the  limb  may  be  restored,  unless  the  lesion  of 
the  soft  parts  is  extensive  and  motion  is  restricted  by  the  formation  of 
cicatricial  connective  tissue  in  the  traumatic  spaces. 

Where  infection  exists,  removal  of  the  cause  under  asejitic  or  antisep- 
tic precautions  is  indicated.  In  such  cases,  coinjilete  cleansing  of  the  wound 
and  removal  of  all  loose  bone  fragments,  followed  by  drainage  and  anti- 
septic dressings  and  irrigation,  will  usually  suffice,  and  excision  or  amputation 
will  onlv  have  to  be  resorted  to  in  extreme  cases. 


GUNSHOT  FRACTURES  OF  THE  EXTREMITIES  OF  LONG  BONES 
AND  OF  CANCELLOUS  BONES  GENERALLY. 


GUNSHOT  OF  THE  EPIPHYSES. 

RihitjiPii  r;i y (*xainiiuiti<ms  liave  <leinonstratp<l  tliat  tin*  (*rt'pct  uftlie  mod- 
orn  small-calil)(T,  jacketed  projectile  on  tlie  extremities  of  lon^-  hones  is  mark- 
edly different  from  its  effect  on  the  shaft.  'This  is  imdonhtedlv  due  to  the 
difference  in  the  structure  of  those  parts  of  the  bone.  In  the  shaft,  comjiact 
tissue  predominates,  and  this  dense  tissue  transmits  the  vibrations  produced 
by  the  impact  of  the  bullet  more  readily  than  the  less  dense  tissue  of  the 
extremities,  where  the  loosely  knit  cancellous  tissue  forms  the  main  part  ot 
the  bone.  In  coni])act  tissue,  the  vibrations  set  up  b\'  the  bullet  are  tran.s- 
mitted  with  enough  force  to  cause  molecular  vibrations  siitbcieiit  to  jiroduce 
solutions  of  continuity  at  some  distance  from  the  jatint  of  impact  of  the 
missile.  In  cancellous  tissue,  the  tbrcible  vibration.s,  from  the  nature  of  the 
tissue,  are  transmitted  but  a short  distance  and,  in  conse(|uence.  solutions  of 
continuity  take  place  only  within  a comparatively  short  distance  from  the 
point  of  impact.  As  the  amount  of  destruction  in  the  shaft  dejiends  upon 
the  conditions  of  impact,  so  in  the  extremities,  the  amonnt  (*f  injurv  done  by 
tlu*  ball  varies,  but  to  a much  less  degT(*e  than  in  the  shaft,  d'he  comminu- 
tion is  nev(*r  as  g-reat  and,  frerpientlV,  the  ball  siinph-  channels  the  bone, 
or,  when  m*arK'  spent,  embe<ls  itself  without  jiroducing'  any  splint(‘ring-  or 
comminution. 

('tine  1. ,)A///.sV7‘  hlllh  f huh/ctl  hllit-rliil  f'nrtllittxl  m i ihni  ; Imlhf  hmlfttl  htf 

i'(nj  iliitl  I'riitnt'id . 

.loliii  ,1.  li.  'I'aylor,  privat»',  ('onipaiiy  K.  Tenth  I’nitc'd  Stattvs  ('avalrv.  .hily  1. 
18!>S,  occupying  a piom*  position  ahoul  oOO  yards  from  opposite  tiring  lim*,  ivceived 
perforating  wound  l ight  ankle,  alunit  3 inclii's  al)ovt‘  inttunal  malleolus.  Entrance 
wound  |)unctun‘d.  No  wound  of  ('\it.  ('onsiderahle  (cdt'ina  and  ecchvmosis  ahout 
ankle  joint;  movemtmt  of  joint  very  painful.  Rontgi'ii-ray  picture  (IMate  XXX) 
shows  tin*  hullet  t“ndn'dded  in  the  hony  part  of  the  internal  malleolus.  ap»‘x  j)ro- 
truding.  .soldier  evidently  having  Ihmui  t'xposed  to  ricochet  tiring. 

.luly  12:  Operation.  Incision  mad(>  2 inches  long  dir»>etly  over  internal 
midh'olus;  skin  and  sulicutam'ous  ti.ssue  divi<led  and  hullet  bdt  distinctlv  hv  ting'er. 
Soft  jairts  .separated  hy  l)lunt  dis.section  and  hidlet  exposed,  tirmlv  emhedch'd  in 
l)one.  Only  with  greatest  ditliculty  and  l»y  using  lion  forcep.»  could  missile  ho 
moved.  It  provt'd  to  h(>  a Mau.xer.  'I'Ik'  cavity  in  the  hone  was  perfectlv  smooth. 


PLATE  XXX, 


I’LATE  XXX. 


('ase  1,  Section  V. — John  J.  L.  Taylor,  ])rivate,  ronij)anv  K,  Tentli 
United  States  Cavalry. 

Ka(lioora})li  showino- ^faiiser  bullet  embedded,  bntt-end  foremost,  in  the 
lower  end  of  the  tibia,  with  no  splintering-  of  the  l)one. 


PLATE  XXX 


PLATE  XXXI. 


V\.\TK  XXXI. 


Pare  2,  Section  V. — Daniel  H.  Raymond,  private,  ('onijiany  1>,  Six- 
teenth Tinted  State.s  Infantry. 

Radi()j>raj)li  sliowino-  slirapnel  bullet  with  small  fra<>inents  of  bone 
about  it,  lyini*-  in  the  thi«-h  behind  the  femur,  through  which  it  jia.ssed, 
makiuf>-  a chnm-cut  hole.  The  shadows  near  the  femur  are  from  the  iodo- 
form dressino’.  A .safety  jiiu  in  the  dressing’s  is  outlined  on  the  femur. 


PLATE  XXXI 


Iodoform 
and  sid'ety-join  / 
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as  if  drill  had  Ix'on  usod.  No  splintoriiif;  of  hono.  Wound  was  cloaiiscd  with  weak 
solution  of  bichloride  of  lucrcurv  and  skin  l)rought  toj^ethcr  l)y  deep  silkworm-j^ut 
sutures. 

.Inly  14,  primary  union;  pain  and  <edeiua  havinjf  disappearial. 

duly  i2;2.  a slioht  diseharoc*  of  purulent  material.  Wound  oj)ened  at  upper  part 
and  iodoform  gauze  introduced.  No  (edema  al)out  ankle.  No  pain. 

duly  24,  wound  clear. 

duly  2(),  transferred. — ('nxe  hixitn'n  front  horj)itnl  xhip  Relief. 

That  the  slow-niovino-,  load  bullet  can  at  times  produce  a clean  ])ertbi-a- 
tion  of  the  extremity  of  a bone  is  shown  by  the  followino-  case: 

Caete  — Prrfomtion  of  Itnnr  ettd  <f  funtir  Inj  a shrnjmil  htill;  tifiejdlc  ii'onnd: 
miis.'iile  located  luj  Rdnfgen  ray  ami  nanoced. 

Daniel  B.  Kaymond,  privat(‘,  C’om))any  D,  Sixteemth  Infantry,  was  wounded 
fluly  i.  hintrance  wound  small,  di-essed  with  tii-st  aid  dressing.  Transferia'd  to 
Relief  where  radiograph  was  taken  which  showed  that  the  missile  was  a shrapnel 
(Plate  XXXI). 

Transferred  to  Long  Island  College  Hospital  where  the  following  history  is 
given:  The  bullet  entered  the  thigh  at  the  lower  third,  and  by  ICintgen  ray  was  shown 
to  be  located  behind  the  head  of  the  tibia.  An  incision  was  made  over  the  point 
indicated  in  the  picture  and  the  bullet  was  found  with  several  small  fragmejits  of 
bone  it  had  pushed  before  it.  In  the  condyle  of  the  femur  was  a round,  clean-cut 
hole  extending  completely  through  the  bone.  A small  amount  of  turbid  Huid  was 
found  at  the  site  of  the  bullet.  The  wound  was  closed  without  drainage.  Complete 
recovery  I’esulted.  — Ca.‘<e  hixtory  from  hoxpittd  xhiy)  Relief  and  Lomj  Rland  Coll  eye 
Iloxpital. 

Ca.ses  like  the  above  are  probably  comparatively  uucouunoii,  as  the 
lower  end  of  the  shaft  of  the  femur  is  composed  of  ([uite  compact  tissue  and 
is  usually  completely  fractured  or  splintered.  Perforation  of  the  upper  end 
of  the  femur,  without  fracture  or  comminution,  is  probablv  much  more 
common.  The  following  case  and  radiograph  show  the  small  amount  of 
comminution  produced  by  a Mauser  bullet  passing  through  the  femur  in 
the  region  of  the  great  trochanter.  From  the  coiiHicting  evidence*  it  is 
{U'obable  that  the  fracture  produced  by  the  ball  was  not  coni])lete  at  first, 
but  afterwards  became  so. 

Ca.xeS. — Mau.'ter  h all  et  fracture  ef  upper  extremity  if  femur;  tround  axeptic; 
recorery  u'ithout  amptdation. 

Theodore  AVint.  major  Tenth  United  States  Cavalry,  July  1,  ISbS.  before 
Santiago,  San  Juan  Hill,  shot  in  left  thigh  from  before  backward.  Mauser  striking 
cover  of  small  morocco  pocket  book,  which  it  pierced:  ball  did  not  pass  out  of 
trousers  behind  after  having  cut  through  the  thigh.  Line  of  flight  was  at  an  angle 
to  surface  of  thigh,  so  that  entrance  was  larger  than  exit  wound.  Direction  of 
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passaj^o-  tliroiijfli  tin-  llii*,'’li  was  from  within  and  ludow.  upward  and  outward.  At 
tilin' of  ln'inj;  st  rin  k,  foil  sliuck,  Init  was  not  knocked  down.  ( )n  turnin^r  ahout  to 
pi<  k up  a |iipc>tciii.  fell  to  tlie  oround  and  called  for  assistance,  ainl  to  In-  drawn  out 
of  liin*  of  fire  helow  tin*  hill  crest.  .V  surc'eon  at  once  dre.ssed  the  wound  teiii|K)- 
rarily  and  applied  s|)lints  from  above  the  hip  at  the  loin  to  tin'  ankh*  outside,  and 
inside  from  the  crotch  to  the  ankle.  Fracture  was  diajrnosed.  .Vftt'r  about  one 
hour,  a stri'teher  was  improvisi'd  and  tin'  jiatii'iit  was  carried  to  a dressinjr  station 
about  three-(|uai  ters  of  a mile  to  the  rear.  No  dre.ssinij  was  doin'  here  and  the  splint 
was  not  disturlu'd.  'I'lie  same  niicht.  he  was  transjiorted  on  a stretehi'r  to  the  field 
hos])ital.  wln're.  about  1 a.  m.  .luly  2.  the  wound  was  dressed  and  tin*  ley  was  ayain 
examiiK'd  and  fracture  diaynosi'd  by  a second  suryeon.  Tlie  splints  wt'n'  reapplied 
and  left  on  for  about  two  days  and  the  patient  yiven  a cot  uinh'r  a tent  fly.  Then 
another  e.xamination  was  made  and  the  thiyh  bone  proinnmeed  not  fractured  by  a 

third  suryi'oii.  'I'lie  splints  were  removed. 
'I'lii'  jiatient  was  entirely  unable  to  u.se  or 
Ilex  the  thiyh. 

.July  10.  splints  were  jmt  on  and.  in  an 
ambulance,  the  patient  was  taki'ii  about  7 
miles  over  a very  rouyh  road  to  SilKuiev. 
rluly  11.' he  was  transferred  to  the 

.Inly  l:i  or  18,  splints  w(>re  n'lnoved. 
plaster  strai>piny  api>lied.  bi'tl  provided,  and 
duly  :^1.  start  for  the  north  was  made.  'I'lie 
wounds  were  dre.s.sed  .several  times  at  the 
field  hospital  and  three  times  on  board  the 
vessel.  C'ourse  of  wounds  normal,  with- 
out sujipuration  or  inflammation.  Never 

Kio.28. — fiiaj'nim  cxi>liiiiat<iry  of  Plate  XXXll.  1”  *’hed. 

II,  Place  of  i)us.«!a>:e  of  Imllet.  Hr.  Seim  also  mtidc  an  exiiminatitm  *>f 

the  thiyh  upon  the  occasion  refern'd  to 
above,  at  the  lit'ld  hospitiil,  and  corrobortiti'd  the  diaynosis  of  no  fracture.  On  the 
hospittil  ship  liiliif  x\  radioyr!i])h  (Plate  XXXll)  was  t:d<en. 

'I'liis  radioyi'iiph  phiinly  shows  a fracture  with  disphu'cment,  but  the  attendiny 
suryt'on  ('ither  misinterpreted  the  picture  or  from  reliance  on  other  .symjitoms  or 
opinions,  corroboratt'd  tin*  ditiynosis  of  no  fnictun'.  Patient  admitti'd  to  New  York 
llospittil  with  no  splint;  strip  of  adhesivi'  plaster  around  body  ovi'iyri'at  tnu'hanter. 
In  this  hospital,  fluoroscopic  I'xamination  showi'd  an  oblitpic  fracture  throuyh  the 
base  of  the  neck  and  part  of  the  yit'al  troc'hanter.  with  aluindant  callus  ;md  much 
(lisphu'i'iiH'iit. 

Physical  ('xamination:  Ley  Ih'xed  and  cvi'i  ted  and  shortened  about  iiu'hes. 
Wound  of  ('xit  closi'd;  of  I'lit raiu'i',  on  anterior  reyion  of  thiyh.  still  suiipuratiny 
sliyhtly.  Movements  painful.  No  ('repitation.  no  falsi'  motion.  .Vbrasion  at  knee. 
Considerable  swelliny  and  tendi'mess  around  tin'  joint. 

Physical  i'xamination  on  discharyc.  Scpti'iiibi'r  IP.  ISPS;  Pressure  over  yreat 
troehaiitcr  yives  little  or  no  pain.  Movement  of  thiyh  ui>  to  45  deyrees;  shorteniiiy 


PT.A1'E  xxxn. 


IM.ATK  XXXII. 


(!ask  Skction  — 'riieodorc*  J.  Wiiit,  niajt»r,  Tentli  C’avalrv. 

l\adiogi-aj)h  of  the  upper  part  of  the  left  thigh,  viewed  from  the  haek, 
sliowing-  Mausei'  hidlet  fracture  of  the  femur  iu  the  neig'hhorhood  of  the 
iutertrochantei'ic  line,  d’here  appears  to  he  considerable  loss  (*f  hone 
snhstance  in  the  neig’hhorhood  of  the  great  trochanter,  and  an  ohlicpie 
fractm-e  with  no  lissnring-.  It  is  probable  that  the  ball  perforated  the 
bone  and  so  weakened  it  that  it  afterwards  fractured. 


PLATE  XXXII 


PLATE  XXXIII. 


PLATE  XXXI 11. 


Plate  XXXITI,  Section  \ . — Eani(*st  Knowlc^s,  private,  ('oinpanv  1 ). 
'^rweiitv-Hrst  States  Infantry. 

ILnlioj^raphs  of  left  knee,  viewed  from  the  inner  side,  and  from  tlielmck, 
showinj^’  Pennn^ton  bullet  which  lias  passed  downward,  hackwartl,  and 
inward  and  lodged  in  the  U})])er  part  of  the  tibia. 
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of  one-half  inch.  Knee  .still  slii;litly  swollen,  .somewhat  .stiff,  hut  ffexion  .still 
gradually  increasing.  Crutches  on  Sej)teinher  (!.  C^an  bear  some  weight  on  injured 
leg. — CiUHe  hlxtory  compHt'd  from  rt-cor<l.s  in  Siir<it-oii-(ir>it'r<iPx  OJfict'. 

On  account  of  its  cancellous  structure,  the  Uj)per  end  of  the  tibia  i.s 
frequently  })ierced  without  comminution  or  complete  fracture.  The  two 
following  cases  are  of  interest  in  that,  in  each  case,  the  missile  wounded  the 
kneejointand  ])assed  from  above  downward  into  the  tilna  without  producing 
any  destruction  of  bone  other  than  clean  ])enetration. 

Caxe  Jt- — Wound  of  hm-r joint;  jn'rforotion  of  tibiti;  uxvptic  woundj  recorery 
without  com  pi  icafitmx. 

Lewis  Gruner,  private.  Company  E,  Sixteenth  United  States  Infantry,  wounded 
by  a Mauser  bullet  at  San  Juan,  Julj'  8,  1898,  distance  unknown.  Projectile  entered 
outer  aspect,  right  kneejoint,  between  the  outer  condyle  and  head  of  tibia,  and  ranging 
downward  and  inward  through  the  head  of  the  tibia,  it  emerged  at  the  inner  side  of  the 
leg  2 cm.  below  the  head  of  the  tibia.  The  limb  was  placed  on  a posterior  splint. 
Was  sent  to  the  base  ho.spital  at  Sibone}',  July  10. 

Examination  February  4,  1900:  The  wound  of  entrance  is  marked  by  a round 
scar  the  size  of  the  projectile;  the  exit  wound  by  a scar  a triffe  larger.  Flexion  of 
knee  somewhat  impaired.  Radiograph  shows  slight  exostosis  on  inner  surface  of 
tibia  at  site  of  exit  of  bullet,  probably  due  to  callus  formed  about  small  specula 
of  bone  displaced  outward  from  exit  wound  in  bone. — Ccusc  hixtory  by  Maj.  Louvs  A. 
La  Garde ^ Surgeon,  ZPnited  Statex  Army. 

The  next  case  illustrates  how  a bullet  of  large  caliber  may  penetrate 
the  upper  end  of  the  tibia  without  producing  any  fracture  beyond  the  direct 
line  of  its  course.  It  also  shows  the  good  result  which  may  be  obtained  in 
gunshot  Avound  of  the  knee,  even  when  made  by  a large,  ricochetted  missile, 
the  good  result  undoubtedly  being  due  to  the  continued  antiseptic  treatment 
employed. 

Case  5. — Gunshot  of  knee  by  ricochet  Remingkm,  calibei'  .45.  with  penetration  of 

tibia. 

Earnest  Knowles,  private.  Company  D,  Twenty-first  United  States  Infantr}’, 
was  wounded  October  23,  1899,  at  San  Cristobal,  Calamba,  P.  I.,  at  about  250  yards 
range  by  a Remington  bullet.  He  was  kneeling  at  the  time  and  the  bullet  struck  the 
ground  just  in  front  of  his  left  knee,  ricochetted,  passed  through  khaki  trousei*s. 
appai’ently  without  causing  loss  of  substance  of  the  latter,  and  struck  the  knee  in 
front  of  the  external  condyle  of  the  femur,  grazed  that  bone,  pa.ssed  through  the 
joint  and  downward,  inward,  and  backward  into  the  upper  end  of  the  tibia.  A 
first-aid  dressing  was  immediately  applied  and  the  patient  transpoi’ted  to  hospital. 
The  external  wound  was  so  large  that  two  fingers  could  easily  be  inserted  into  it. 
The  wound  was  cleaned,  drained,  and  irrigated  with  antiseptic  solution.  Healing 
' 6648 10 
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wiis  foinplete  in  ai)out  ,se\  en  weeks.  Soldier  was  discharged  for  disability  on  account 
of  impaired  motion  of  the  joint,  and  he  enter»‘d  the  Soldiers'  1 lome.  Washington.  D.  C. 

Radiograph  taken  May  14.  IhUU,  shows  large  bullet  lodged  in  upper  and  back 
part  of  tibia  (Plate  XXXIII).  From  this  localization,  the  bullet  was  subsetiuently 
removed  from  the  body  of  the  bone  1)V  Maj.  Louis  A.  LaOarde.  Surgeon.  Fnited 
States  Army. 

lu  tlie  next  case,  tlie  radiograph,  though  not  taken  until  six  nnaiths 
after  the  receij)t  of  the  injury,  clearly  shows  the  perforation  made  hy  the 
bullet  ( Idate  XXXIV).  d’he  radiograph  indicates  that  the  fracture  was 
not  complete,  though  the  ))atient  stated  that  he  could  feel  the  bon\’  frag- 
ments move  on  each  other  when  pressure  was  made  near  the  wound  at  the 
time  of  the  injury.  The  shoid  range  at  which  the  wound  was  indicted,  10 
feet,  would  give  the  maximum  of  destructive  etlect  in  osseous  tissue,  and 
that  the  comminution  was  not  greater  must  l)e  ascribed  to  the  looseness  with 
which  the  bonv  tissue  is  knit  in  the  upper  part  of  the  tibia. 

('(i.seU.  — Pcrforiit /on  o f tihiu  hij  h riKj-Jdiyi  incnt  ot  xhort  niio/i . 

Private  Wesley  Kibby.  Company  II.  'rwenty-fourth  Infantry,  while  on  duty 
at  Presidio.  Cal.,  June  25.  was  accidently  shot  Iw  a comrade.  Distance  was 

not  over  lO  feet.  Bullet  was  a Krag-Jorgensen.  Entered  left  tibia  4 cm.  below 
patella,  and  emerged  from  most  prominent  portion  of  calf,  below  liend  of  knee. 

Examination  Febi  uarv  4.  IbOO:  Wound  of  entrance,  transvt'r.sc  oval.  1 by  ^ cm. 
Wound  of  (‘xit,  oval,  puckered,  retracted.  2 l>v  I cm.  'I'he  man  says  that  he  coidd 
feel  (he  bony  fragments  move  on  each  other  when  pre.ssure  was  made  inair  wound. 

Treatment:  Dre.ssing  and  immobilization;  wounds  healed  in  three  weeks;  able 
to  walk  in  eight  weeks  with  aid  of  cane;  left  ankle  and  foot  remained  weak,  aiul  .sole 
of  foot  felt  numb,  with  occasional  needle-like  pains  shooting  through  it.  lie  has 
weakness  of  all  muscles  of  posterior  aspect  of  leg;  als(»  <)f  e.xten.sor  hallucis.  and  loss 
of  .sensation  ov('r  anterior  two-thirds  of  })lantar  surfaci'  of  f(K)t.  .Snne  stilfness  of 
foot  and  ankle  still  present,  and  he  is  unal)le  to  walk  without  aid  of  a i-ane.  -tV/.ve; 
hifsto/'i/  hi/  Muj.  Lou/.s  ^1.  ho  ( TO rdi\  .soiycim,  I iiitnl  Siatt  x Arnn/. 

ddic  small  amount  of  connninntion  ])rodncctl  bv  the  .Mauser  bullet  in 
passing  through  the  extremities  of  the  bones  of  the  arm  and  forearm  is  shown 
in  the  following  ctises. 

( 'oKr  7.  SrjiO/'Ot  10)1  o f ohn'O non  hi/  huUrt  ii'itlioot  com m i n ot loii. 

'I'iieodore  II.  Lul)old.  privati*.  Company  1,  .'^ixtemith  Penn.sylvania  N’olunteer 
Infantry,  was  shot  while  i-etreating  during  tht'  skirmish  m'ur  tTuayamo,  .Vugust  !•. 
'Pin'  liullcl  ent('red  the  right  arm  abov»'  the  olecranon  process  and  emerged  from  the 
extensoi'  side  of  tin'  forearm  l)etween  the  radius  and  the  ulna.  I'ln'  Kontgen  my 
reveals  (he  prt'seiu’e  of  a fragment  of  the  Indict,  oi-  its  manth'.  lodged  in  the  wound, 
and  that  the  olecrai\on  was  sejtamted  from  the  shaft  without  eomminulion  fl’late 
XXX\  ).  — Cone  hiatoi'ij  fi'uin  ixconln  m Siii‘(/iim-(jciti.ror ><  (fjfict. 


PLATE  XXXIV. 


I’LATK  XXXIV. 


Plate  XXXIV,  Section  \\ — Wesley  Kibbv,  private,  Company  II, 
rwenty-tbiirth  Cnited  States  Int’aiitry. 

Radioo-rapli  of’  left  knee,  viewed  from  the  back,  sliowinjr  jierforation  ot 
upjier  end  of  tibia,  made  bv  Krag-- J brg’eiisen  at  short  range. 


PLATE  XXXIV. 


fCRFORAriOM. 


the  NELIO-nrPE  or»n'*'ing  CO..  BOSTON. 


r 


PLATE  XXXV. 


PLAT1-:  XXXV. 


Task  3,  Section  V. — Tlieodoro  II.  Liibold,  (’oinjiam-  1,  Sixteentli 
I’eimsylvaiiia  Volunteer  liitantry. 

KadiogTapli  of  right  elbow,  viewed  from  its  inner  side,  showing  se]>ara- 
tion  of  the  olecranon  with  no  tissuring  of  the  fragments,  and  a small  frag- 
ment of  metal  lower  down  in  the  forearm. 


I*LATE  XXXV 


the  HEtlOTVOE  PRlNTtNG  CO..  BOSTON. 


PLATE  XXXVI. 


PLATE  XXXVI. 


Cask  H,  Section  V. — Horace  K.  Devereaux,  lieutenant,  First  United 
States  C'avalry. 

Ha(li()<rraj)hs  showing  fracture  of  the  lower  end  of  the  radius  by  a 
dodg’ed  Mauser  bullet.  There  is  separation  of  (piite  a larf>;e  external  frag- 
ment, but  the  comminution  does  not  extend  uj)  the  shaft,  d’he  l)ullet  has 
been  dis])laced  by  tlie  Hexor  tendons  and  is  seen  lying  point  upward  in 
front  of  the  radius.  From  its  position,  it  is  ])robable  that  it  entered  the  part 
butt  end  foremost. 


PLATE  XXXVI 


*» 
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Case  8. — Mauser  hullet  fracture  of  ouUu'  condyle  <f  humcrun  'uuth  no  t'Xtei\sion 
of  fracture  of  shaft  oflxmc. 

Ralph  Barknian,  private,  Company  K.  Second  Massaclmsett.s  Volunteer  Infantry, 
was  twice  wounded  at  Siboney,  Cuba,  July  1,  18b!>.  One  bulh't  enti'n'd  the  left  !**<;; 
the  other  passed  through  the  lower  third  of  the  left  ai'in.  d'he  patient  was  trans- 
ferred to  the  Relief  where  a radiograph  was  taken  which  showed  that  the  outer 
condyle  was  separated  from  the  shaft,  but  that  then'  was  no  splintering  of  the  bone 
extending  up  the  shaft.  The  patient  was  transferred  to  St.  Peter’s  Hospital,  Brook- 
lyn, N.  y.,  and  discharged  from  there  July  2!),  “cured.” — Case  Inxtory  from 

records  in  Surgeon- GentrnTs  Office. 


In  the  following-  case  of  fracture  of  the  distal  end  of  the  radius,  the 
bullet  was  j)robably  traveling-  at  low  velocity,  and  entered  the  ])art,  butt  end 


foremost.  The  amount  of  comminution  was  not  great, 
the  fracture  being-  mainly  the  sej)aration  of  a rather  large 
external  fragment. 

Case  9. — Fracture  of  lower  end  of  radius  hy  2fauser  hxdlet; 
infection  of  wound;  localization  (f  hullet  hy  Rontgen  ray,  and 
removal;  antiseptic  treatment;  rec<yvery  without  amputatioix . 

Horace  K.  Devereaux,  lieutenant.  First  United  States  Vol- 
unteer Cavalry,  was  wounded  June  27,  at  200  yards,  by  a Hauser 
bullet,  which  entered  the  dorsal  aspect  of  the  left  forearm  over 
the  ulna.  A tirst-aid  dressing  was  applied  twenty  minutes  after 
the  receipt  of  the  injury.  The  patient  -vvas  transferred  north 
on  the  Olivette  and  entered  Roosevelt  Hospital,  where  he  came 
under  the  care  of  Dr.  Robert  Abbe,  who  radiographed  the  fore- 
arm (Plate  XXXVI). 

At  that  time,  the  forearm  was  in  at-ondition  of  diffuse  cellu- 
lits  and  suppuration,  the  wound  having  been  infected.  Dr.  Abbe 
removed  the  bullet  July  18,  and  the  ca.se  progressed  to  excellent 
recover}'  with  wrist  motion  about  one-fourth  and  rotation  of  the 
forearm  about  one-half  the  normal.  Though  the  bullet  lodged, 
the  patient  believed  that  it  had  not  ricochetted,  but  ascribed  its 
low  velocity  to  defective  powder.  The  position  of  the  bullet, 
however,  indicated  that  it  had  j-icochetted  and  entered  l)utt  end 
foremost,  and  that  its  position — oblique  to  its  line  of  entrance — 
was  due  to  pressure  from  the  overlying  tendons  of  the  forearm. 


Fig.  24.^ — Diagram  ex- 
planatory of  Plate 
XXXVI.  a,  Flexor 
tendon;  b,  fractured 
radius;  /•,  place  of 
entrance  of  bullet. 


GUNSHOT  OF  THE  CANCELLOUS  BONES  GENERALLY. 

The  effect  of  the  modem  bullet  upon  the  bones  of  the  wrist  and  the 
cancellous  bones  of  the  foot  and  face,  is  very  similar  to  its  effect  u})on  the 
epiphj^seal  ends  of  the  long  bones;  i.  e.,  guttering,  or  perforation,  with  small 
extent  of  cormniuutiou. 
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C'flsi'  JO. I mn  nf  (in  cilJci.H  Inj  ^)/// (/.»#  /•  hiilh  f. 

Private  .John  K.  Murphy,  Company  C.  Fourth  Ciiited  States  Iiifantrv.  was 
wounded  at  unknown  lanoe  hy  a Mauser  hullet.  whieh  passctl  from  behind  forward, 
and  from  af)ove  downward,  throuj^h  tlie  left  os  *alcis.  'I'he  wound  healed  readily, 
but  pain,  loeated  beneath  the  heel,  persisted.  A radio«rraph  was  taken  which  showed 
a sharp,  bony  .sj)ur  projecting  downward  from  the  under  surface  of  the  os  calcis. 
'I'liis  exostosis  was  undoubtedly  a callus,  formed  about  small  bone  fragments,  which 
had  l)een  forced  outward  from  the  bom*  at  the  place  of  exit  of  the  bullet.  The 
weight  of  the  body  being  brought  upon  this  .spur  when  walking,  caused  the  dLsjibility. 
'I'hc  bullet  made  .so  clean  a perforation  of  the  bone  that  there  was  no  evidence  of 
fragmentation  of  the  os  calcis  with  the  excej)tion  of  the  small  fragments  forced  out 
at  the  wound  of  exit.  The  exostosis  was  n'lnoved,  November  19,  1898;  the  wound 
h(*aled  1)V  first  intention,  and  the  ])atient  returned  to  duty. 

'Die  following- case  gives  the  result  of  a Krag- J orgensen  hullet  fracture 
of  one  of  the  inetacarj)al  hones.  It  is  of  interest  in  that  the  hand  was 
directly  ovei’  the  muzzle  of  the  gun  when  it  was  accidentally  discharged, 
and  though  the  whole  charge  pa.ssed  through  the  hand,  the  entrance  and  exit 
w'ounds  were  small  and  the  bone  lesion  slight. 

Cfi-nr  It. — J*( I'fnriitlnii  nf  t rapizi » m hy  Kr>iy-Joi'(j('me»  hullet. 

Private  August  Blumc.  C'ompany  C,  'rwenty-tirst  Cnited  States  Infantry,  acci- 
dentally discharged  his  rifle  duly  the  l)ullet  and  whole  discharge  passing  through 
the  palm  of  his  hand.  Radiograidi  showed  that  the  bullet  had  perforated  the  tra- 
pc'zium,  throwing  out  oidy  a small  fragment.  The  entrance  and  exit  wounds  were 
small  and  there  was  nothing  in  the  appearance  of  the  part  ditferent  from  that  seen 
in  wounds  n'ceived  at  long  range.  The  wound  healed  by  tirst  intention,  but  full 
u.se  of  the  hand  was  not  restored,  as  cicitrieal  tissue  in  the  wound  caused  some 
limitation  of  motion. 

'The  following,  a case*  of  clean  ]u*rforation  of  the  os  calsis  by  what  was 
su])])(tsed  to  be  a H(*mington  brass-jacket(*d  bullet,  like  case  b of  this  .section, 
shows  the  clean  perforation  of  cancellous  bone  by  the  larger  missiles. 

f 'c/.s-e  1^.  — 1 \-r  ff>riifl(ui  n f ns  (•iilci.n  hy  Rmn  nii/tnn  huJlet. 

Samul  S.  \Venf worth,  private,  battery  K.  First  .Vrtillery,  wounded  dune  1.1, 
lS9!t.  at  Zapote  bridge,  near  Manila.  P.  1..  presumably  by  a Hemington  ludlet,  as 
tlie  wounds  of  (‘ntranei*  and  t*xit  were  somewhat  larger  than  tho.se  made  by  the 
Mau.s(*r.  and  the  (>nemy.  so  far  as  known,  wen*  using  Ib'inington  rifles,  'fhe  bullet 
pa.ssed  from  without  inward  through  the  heel,  pt'rforating  the  os  calcis.  'fhe  wound 
did  not  heal,  and  three  motifhs  after  the  receipt  of  the  injury,  an  operation  was  done 
and  a piece  of  legging,  a pi»*i-e  of  stot-king.  and  three  small  pieces  of  Ihiiic,  were 
r(*mov(*d.  M Omul  has  opened  twice  since  and  small  amount  of  pus  escaped.  as 
discharged  for  di.sal)ility  lVcember2!>,  lSi*9.  and  .seen  Ity  the  writer  in  danuarv.  liHH), 


PLATE  XXXVII. 


I’LATK  XXXV II. 


Case  12,  Section  \'. — Samuel  S.  Wentworth,  private,  Battery  K,  First 
United  States  Artillery. 

!\adio<iTa])li  of  left  foot,  viewed  from  the  inner  side,  showin«r  l)idlet 
(Remington)  ])erfoi'ation  of  the  os  ealcis.  Though  the  radiograph  was 
taken  several  months  after  the  receipt  of  the  injury,  the  callus,  if  it  has 
lilled  the  perforation,  is  still  transparent  to  the  Hiintgen  ravs. 


PLATE  XXXVII 


PLATE  XXXVIII. 


PLATK  XXXV III. 


Cask  13,  Skction  i. — C(ineliii.s  L.  Eaw-an,  private,  (’om|)any  Iv,  First 
Nebraska  \"oluiiteer  Infantry. 

Kadiog-rapli  of  face,  viewed  from  the  right  side,  showing  Remington 
i)ullet  in  tlie  right  antrum  of  Highmore. 

O O 


PLATE  XXXVIII 


(U’NSlIO'l'  OK  ('ANOKLLOrS  HONKS. 


S3 

when  the  radiograph  (Plate  XXXVII),  which  show.s  a clean  perfoi-ation,  was  taken. 
At  this  time,  the  wound  was  healed  and  the  condition  of  th(>  j)ai  t and  use  of  the  limb 
appeared  to  be  excellent,  though  some  pain  extending  up  the  leg  was  complained  of. 

Owing  to  tlie  cancellous  structure  of  the  bones  of  the  face,  gunshot 
traiunatisins  of  that  region  resemble  those  of  the  cancellous  bones  generally. 

13.  — Peneti'fitl  n(j  (/iiii.s/iot  of  face  hi/  licmi  iKjion  hiilhf.,  cdl  ih<  r ; lonih- 

zation  hi/  Rontgen  ray;  nanovaJ. 

Cornelius  L.  Eagan,  i)rivate.  Company  K,  First  Nebraska  Volunteer  Infantry. 
Gunshot  wound  of  right  side  of  face,  received  February  .5,  18!>!>,  at  Block  House 
No.  7,  Philippine  Islands.  Wound  over  left  eyebrow,  one-half  inch  from  inner 
canthus.  No  wound  of  exit. 

Symptoms:  Partial  deafne.ss  of  right  ear  and  total  blindness  of  right  ey»‘. 

Ophthalmoscopic  examination:  Choroiditis  and  retinitis  with  atrophy,  the  selera 
showing  through  large  areas  in  lower  portion  of  Held.  Left  eye  normal  in  appeai'- 
ance.  Anchylo.sis  of  jaw.  Only  slight  separation  of  teeth.  No  pain,  and  only 
slight  swelling  of  the  right  side  of  the  face. 

Diagnosis:  Foreign  body  in  the  right  face. 

Treatment:  Was  radiographed  in  April  and  agaiti  in  May  (Plate  XXXVIII), 
after  which  an  etiort  was  made  to  remove  the  bullet.  Operation  May  31,  by  Major 
Matthews.  Inci.sion  was  made  along  no.se  to  mouth  by  median  line,  and  transversely 
across  the  face  to  1^  inches  from  the  ear.  Soft  parts  retractt'd  and  seai'ch  for  bullet 
was  made,  but  was  unsuccessful.  Second  operation.  August  K>.  1S!)H.  Iw  Maj.  .V.  C. 
Girard.  The  same  incision  was  made.  The  inferior  surface  of  the  antrum  was 
chisseled  through  and  the  ball,  which  proved  to  be  a Remington  .45.  flattened,  and 
somewhat  ragged,  was  removed.  The  skin  incision  was  clo.sed  Iw  subcuticular  gut 
suture  and  healed  excellenth’. — Ca.'ic  h ‘u<tory  hy  Maj.  .1.  C.  Girarif  i<ar<jeo)i.  U.  X.  ^1. 


CLINICAL  CONCLUSIONS. 

The  .same  conclusions,  relative  to  treatmeni,  obtain  in  fractures  of  the 
extremities  of  the  long  bones,  as  hold  in  fractures  of  the  shaft.  Infection  or 
nouiiifection  of  the  woniid,  rather  than  the  amount  of  comminution,  indicates 
whether,  or  not,  the  wound  should  lie  treated  ex})ectantly  or  otherwise. 
From  a standpoint  of  the  amount  of  traumatic  destruction  done  bvthe  ball, 
expectant  and  conservative  treatment  is  even  more  indicated  in  gunshot 
injuries  of  the  extremities  than  in  similar  injuries  of  the  shaft  of  the  bones. 
This  is  due  to  the  fact  that  observation  shows  that  the  amount  of  conmii- 
nntion  is  much  less  and  the  size  of  the  fragments  innch  smaller,  in  gunshot 
fractures  of  the  extremities  of  the  long  bones,  than  in  gnnshot  fractin-es  of 
the  shaft. 
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Nor  does  the  fact  that  joint.s  are  involved  necessitate  a divergauce 
from  the  ride  of  expectant  treatment. 

Infection  of  tlie  wound  or  extensive  destruction  of  the  .soft  parts  may 
necessitate  operative  interference.  But  with  ordinary  penetrating  or 
perforating  wounds,  occlusive  dressings  and  immobilization  have  been 
followed  by  best  results.  When  this  treatment  is  sujiplemented  by  rapid 
transjiortation  to  base  or  general  hospitals  where  operation  can,  if  neces- 
sarv,  be  done  with  adequate  aseptic  or  antisejitic  techuic,  the  best 
possible  results  may  be  expected. 


VI. 

RADIOGRAPHIC  TECHNIC. 


Proper  inaiiipulatioii  of  the  apparatus  is  most  iin])ortaiit 'in  Piintfj-en- 
ray  work;  for,  with  imperfect  methods,  imperfect  or  neji'ative  results  are 
obtained,  and  serious  injury  to  tlie  patient  by  burns  may  be  indicted. 
i\Iaximum  radiation  in  the  tul)e  depends  upon  supplying’  tlie  tube  with  the 
current  best  adapted  to  its  ])articular  condition.  To  obtain  a suitable 
current,  j)roper  adjustment  must  be  made  of  the  different  working-  parts  of 
the  apparatus,  and  knowledge  of  technical  details  by  which  such  adjust- 
ments are  made  is  essential  to  success.  As  the  static  and  the  coil  machines  an* 
entirely  different  in  construction,  the  means  by  which  radiation  is  influenced 
necessarily  differs  in  each,  and  the  method  of  o})erating  each  type  of  appa- 
ratus has  to  be  separately  considered. 

THE  STATIC  MACHINE. 

In  operating  the  static  machine,  special  attention  has  to  be  given  to 
the  condition  of  the  machine  relative  to  atmospheric  conditions,  to  the 
speed  of  rotation  of  the  plates,  and  to  the  adjustment  of  the  spark  gaps 
and  the  tube. 

In  the  static  machine,  efficient  output  is  dependent  in  large  measure 
upon  the  absence  of  all  dampness  and  dust  from  the  interior  of  the  case. 
To  keep  the  plates  clean,  they  must  be  occasionally  carefully  wiped.  To 
protect  the  machine  as  much  as  possible  from  moisture,  it  should  be  kept 
in  a well  lighted  and  ventilated  room,  with  windows  ])rovided  with  inside 
wooden  shutters,  which  can  be  closed  when  fluoroscopic  examinations  are 
to  be  made  during  the  daytime.  To  insure  the  absence  of  humidity  within 
the  case,  it  is  usually  necessary  to  keep  dishes  of  calcium  chloride  within  it. 
When  this  is  done,  fresh  chloride  should  be  ])laced  within  the  case  whenever 
any  moisture  accumulates  in  the  dishes  holding  the  old  chloride.  In  very 
damp  climates,  the  edges  of  the  frame  of  the  case  where  the  glass  is  inserted 
should  be  thickly  and  carefully  covered  with  thick  petrolatum,  to  insure 
against  passage  of  the  damp  exterior  air  into  the  interior  of  the  case.  As 
a precaution,  to  prevent  loss  of  current,  the  front  of  the  machine  should  be 
carefully  wiped  dry  each  tinie  before  using  it. 

6648 11 
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As  siitlii-icut  s|)t*e<l  and  steady  rotation  (*!'  tlie  plates  is  essential  to 
lii^^liest  elliciency,  the  inacliine  is  Ijest  opei'ated  by  some  kind  of  motor,  the 
speed  of  which  can  be  rejiulated.  Herniation  of  s])eed  is  necessary;  in  that, 
when  a tnbe  is  workinr  at  its  hirhest  elHciencv  with  the  anode  rh'winr 
properly,  diminution  of  speed  will  decrease  the  output  of  rays;  and  an  increase 
of  speed,  while  not  increasinr  the  elbcient  output,  may  impair  the  life  of 
the  tnbe. 

T(»  operate  an  ei^ht  or  ten  ])late  static  machine  satisfactorily,  a motor 
of  one-fonrth  horsej)ower  is  recpiired. 

An  electric  motor  of  some  reliable  make  is  best  for  use  when  an  elec- 
trical current  is  availal)le,  as  such  a motor  can  be  easily  and  (piicklv  adjusted 
for  spee<l.  Unfortunately,  electrical  currents  can  not  always  be  t»l)tained  in 
military  hospitals. 

\Vhen  electrical  current  is  not  available,  water  motor  can  l>e  used  and 
will  work  eHiciently,  provided  the  water  j)ressure  where  the  motor  is  j)laced 
is  not  lower  than  twenty  pounds  to  the  stpiare  inch.  Such  a motor  has  the 
advantafj'e  of  coni])aratively  low  original  cost  and  of  l)eing  free  from  run- 
ning e.\])ense, 

\\diere  motor  power  is  not  available,  manual  power  may  be  used,  and 
with  it  excellent  work  can  be  done;  but  such  labor  is  extremely  tiring, 
even  when  relays  of  men  are  em])loved.  Where  such  power  has  to  be 
de])ended  upon,  a tandem  bic}'cle  attachment  for  running  the  machine  would 
probably  be  very  useful. 


CROOKES  TUBES 

As  the  electrical  currents  supplied  by  the  static  and  the  coil  machines 
aix*  (piite  different:  tubes  are  specially  constructe<l  for  each  type  of  machine. 
As  a rule,  these  tnl)es  work  best  only  with  the  tvpe  of  machine  for  which 
constructed,  and  can  not  l)e  used  with  other  types  without  loss  of  etUciency 
or  diingei’  to  the  tube. 

Kelativc  to  their  excitation  and  radiation,  tubes  are  divided  into  two 
classe.s — low  tubes  and  high  tid)es. 

liv  a low  tube  is  meant  a tidu*  which  is  readily  excited  to  radiation  by 
a companitiyely  small  current,  and  which  when  excitc<l  does  not  profluce 
rays  of  great  penetration.  'I’nbes  when  fii-st  received  from  the  manufac- 
turers are  generalK  in  this  condition.  W ith  such  tubes,  the  bones  when 
viewed  l)v  the  tlnoroscope  appear  (piite  dark,  and  metallic  objects  can  not 
be  seen  through  them.  Such  tubes  an*  unfitted  for  radiography  of  thick 
jiarts.  'I'lu*y  should  be  employed  for  I'adiography  of  the  thin  parts  and  the 
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extremities  oftliiii  individuals  until  they  hccouic  lii<>lu*r.  All  tid)(*s  lia\(‘  a 
“life.”  A tube,  at  first  low,  by  use  gradually  becomes  so  resistant  to  the 
electric  current  that  it  can  no  longer  be  illuminat('d.  Foi-  this  reason,  in 
using’  a tube,  the  operator  should  carefully  examine  Us  working-  with  a 
duoroscope  to  determine  its  condition  and  to  what  use  it  is  best  adapted.  A 
ready  method  of  determining' the  condition  of  a tube,  is  to  see  whethei’or 
not  a coin  or  cuff  button  held  ag-aiust  the  forearm,  can  be  easily  seen  through 
the  radius.  If  not,  the  tube  is  a low  one  and  should  only  be  used  for  work 
for  which  such  a tube  is  adapted,  or  it  may  Ixi  raised  to  a higher  vacuum  b\' 
suitable  mauipulatio)i. 

A low  tube  may  be  raised  by  continued  use  or  by  re\  ersiug  the  current; 
but  in  reversing  the  current,  care  should  be  taken  not  to  continue  the 
reversal  too  long  a time  or  the  tube  may  be  ruined.  This  reversal  of  the 
current  is  easily  managed  in  the  coil  machines  b}'  reversing  the  switch  lever; 
but  in  the  static  machine,  it  is  neces.sary  to  close  the  current  and  reverse 
the  tube. 

High  tubes  are  distinguished  by  recpnring  a large  or  maximum  current 
to  excite  them,  and  by  producing  rays  of  great  penetration.  With  such 
tubes,  the  bones  aj)})ear  gray,  and  metallic  objects  are  readily  seen  tln-ough 
them.  A ready  test  for  such  a tube  is  ability  to  see  with  the  fluoi-oscope  the 
shadow  of  a watch  through  a man’s  .skull.  A tube  which  will  give  this 
result  is  fitted  for  chest  and  body  work  and  for  radiograph\'  of  such  deep 
parts  as  the  peb  is  or  hip  joint. 

Eventually,  such  a tube  will  become  so  high  as  to  resist  all  atteni])ts  to 
illuminate  it,  even  with  powerful  current  and  careful  adju.stment. 

When  this  occurs,  the  vacuum  can  be  lowered  by  subjecting  the  tube 
to  heat,  by  baking  it  in  a hot-air  oven,  or  carefully  heating  ititver  a Bunsen 
burner  or  alcohol  lamp.  When  the  tube  no  longer  resjxmds  to  these 
mani})ulations,  it  can  be  returned  to  the  maker  for  I’eexhaustion  and  will 
then  again  work  satisfactorih'  for  some  time. 


MANIPULATION  OF  THE  TUBE  TO  SECURE  ITS  MAXIMUM  RADIATION. 

Maximum  radiation  of  any  tube  is  obtained  by  supph'ing  it  with  an 
electrical  current  of  tension,  (piantity,  and  rajiidity  of  oscillation,  best 
adapted  to  its  vacuum.  In  the  static  machine,  this  is  arrived  at  bv  the  use 
of  the  spark  gaps  and  the  velocity  of  rotation  of  the  j)lates.  Spai’k  gaps, 
or  current  interrupters,  are  metallic  rods  attached  to,  and  movable  uj)on, 
each  sliding  pole  of  the  machine.  B\-  attaching  the  wires  leading  to  the  tube 
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to  tlu'sc  :i|i|)li;in<-t*s,  tlio  current  may  l)c  cai-ric(l  direct  to  the  tube,  or  may  he 
iutei'rupted  and  caused  to  pass  tliroii^li  aiiv  desired  distance  of’  air  space, 
ddie  spark  f^aps  and  their  j)roj)er  manijjulatioii  are  al).sohitelv  neces.sarv  to 
stH’ure  j)roper  radiation  from  most  tid)es.  All  tubes,  however,  do  not 
re(piire  tluMi'  use.  Tubes  of  hi<rh  vacuum  and  <rreat  penetration  frecpientlv 
work  best  when  the  wires  ai’e  connected  direct  to  the  poles  of  the  machine. 
\Vith  hiw-vacuum  tubes,  it  is  neces.sarv  to  ])ass  the  cuiTeiit  throuj^h  an  air 
space;  the  lenjifth  of  air  space  depending  upon  the  condition  of  the  tube. 
Tlu'  lower  the  tube,  the  farther  the  spai'k  <raps  must  be  separated;  .so 
increasing-  the  air  space  thronj^h  which  the  current  has  to  pa.ss.  With  the 
lnb(*  adjusted  and  the  spark  ^’aps  closed,  the  machine  should  be  started  into 
rapid  action  and  a finoroscopic  examination  made.  If  the  bones  apj>ear 
e-ray  and  transparent,  the  tube  is  probably  working  at  its  best  and  no  spark 
g-aj)  is  retpiired. 

Trial,  however,  should  Ik*  made  to  ascertain  if  the  fluorescence  mav 
not  be  increase<l  do  this,  separate  the  ])ositive  spark  gap  and  observe 

the  result.  Then  .se))arate  the  negative  gap  and  adjust  the  gaj)s  to  the 
distance  which  gives  the  best  radiation  from  the  tube.  This  distance 
may  be  a very  small  fraction  of  an  inch,  or  it  may  be  an  inch  or  more. 
This  can  only  be  determined  by  a trial,  which  takes  but  a few  monient.s. 
With  the  spark  gaj)s  proj)erly  adjusted,  the  radiation  depends,  to  a cei-tain 
extent,  upon  the  rapidity  of  revolution  of  the  })lates.  Kadiation  is  at  its 
best  when  the  entire  anodes  glows  with  a dull  red  color.  ^Vhen  this  glow 
is  obtained,  the  i-evolntion  of  the  })lates  should  not  l)e  increased;  as  t>ver- 
heating  of  the  aiutde  and  destruction  of  the  tube  may  result,  with  no  ade- 
(piate  compensation  in  the  'vay  of  iiu'reased  radiation. 

THE  COIL  MACHINE. 

In  tin*  coil  machine,  radiation  in  the  tube  is  regulated  by  the  conden.ser 
and  vibrator. 

'I'he  condense*!-  is  placed  in  the  mahogany  ba.se  upon  which  the  coil  is 
placed,  and  it  greatly  increases  the  power  of  the  coil. 

d’ho  <‘ond(*nser  is  made  in  .sections,  and  is  connected  to  a .series  of  four 
))lngs  on  the  top  of  base,  by  which  it  is  pttssible  to  use*  any  portiein  e)r  the 
wlnde  of  the  e-onde*nser  at  will.  It  will  be*  found  that  se>nie  feicus  tubes  will 
work  lte*st  whe*n  only  using  a few  slu*ets  etf  the  cemdenser,  where*as  eether 
feK’Us  tnbe*s  reepiire*  e*onsielerably  more  cenideii.ser,  aiiel  in  some  cases  it  is 
iiece.s.sary  to  plug  it  all  in. 
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111  order  to  in  the  condenser,  tlu^  |)ln<>'  should  lie  inserted  l)et\v<*en 
tlie  two  parallel  Hat  brass  strips,  in  the  hole  j)i’ovi<h‘d  tor  that  pni’pose; 
whereas,  if  any  part  of  the  condenser  is  not  riMpiired  foi’  nse,  that  pai'ticn- 
lar  })liij>'  should  be  inserted  in  one  of  tlu*  four  holes  in  the  middle  of  the 
long’  brass  strij). 

The  coils  furnished  with  the  battery  sets  are  ojieratecl  bv  a vibrator 
which  has  a special  adjustment  by  which  the  periodicit\'  of  the  vibration 
can  be  varied  at  will.  As  tubes  vary  in  etl'ect  relative  to  the  periodicity  of 
the  vibrations,  these  should  be  reg’ulated  by  the  adjustnumt  made  for  this 
purpose,  so  that  the  maximum  radiation  of  the  tuln^  obtained. 

A combined  switch  and  pole  changer  is  mounted  at  tlui  (Mid  of  tin*  coil  for 
reyersing  the  current  and  for  opening  the  circuit  wIumi  desirerl,  and  a 
rheostat  is  employed  for  controlling  the  (piantity  of  cumMit  passing  to  the 
coil. 

When  using  the  coil,  close  the  pole-changing  switch  and  adjust  the 
contact  screw  of  the  yibrator  (previously  loosening  the  clamjiing  nut  of  the 
same),  until  a steady  yellow-green  Huorescence  occurs  in  the  tub(‘  and  tluMi 
retighten  the  clamping  nut.  If  the  discharge  is  jiassing  through  the  tube 
in  the  right  direction,  the  body  of  the  tube  (embracing  the  space  betwe(Mi 
the  Hat  platinum  anode  and  the  concave  aluminum  cathode)  will  lx*  Hlled 
with  a uniform  Huorescence  and  that  part  of  the  tube  above  the  Hat  plati- 
num anode  will  remain  in  shadow.  If  no  shadow  appears,  the  jiole-changing 
switch  should  be  reversed.  In  using  a focus  tube  for  the  first  time,  the 
greatest  care  should  be  taken  not  to  allow  the  Hat  platinum  anode  to  become 
red-hot;  for  if  it  is  allowed  to  remain  at  this  temnerature  for  an}'  consider- 
able length  of  time,  the  inside  of  the  glass  tube  will  blacken  through  partich'S 
of  platinum  being  tin-own  off  against  the  inner  sui-face  of  the  tube.  Also, 
the  high  temperature  will  raise  the  vacuum  in  the  tube  considerably  and 
shoi-ten  the  working  life  of  the  tube,  while  there  is  danger  of  the  tube  being 
broken  down  entirely  if  the  platinum  anode  is  allowed  to  liecome  briglit 
red-hot. 

The  best  result  vdththe  tube  can  be  obtained  when  tlie  platinum  anode 
is  at  the  temperature  of  a ver}’  dull  red  (inyisible). 

When  first  lighting  up  a new  focus  tube,  use  as  little  current  as  possibh* 
until  it  is  ascertained  that  the  current  is  passing  in  the  riglit  dir('ction,  as  it 
injures  the  efficiency  of  the  tube  if  a heayy  current  is  sent  in  tin*  wrong 
direction. 

After  considerable  use,  the  yacuum  in  a focus  tulie  rises  (»n  account  of 
tendency  of  the  electrodes  and  glass  to  absorb  the  residual  gas,  until  fiiialh 
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tlie  vaciiuni  lu'cnmes  too  loi'  tlur-  proiliictioii  ot  the  Ihhitw'eii  ravs.  In 

this  cas('  the  vaciiiiiii  eaii  la-  IowcmviI  hv  apph  iiij*-  the  Haine  of  an  alcohol 
hmi])  to  the  surface  of  the  tube  so  as  to  warm  it,  l)ein<'‘  careful  to  keej)  the 
Hame  awav  from  tlu*  wire  ti'rminals  ami  in  continual  tnotion  so  as  to  j)revent 
l)reaka<*-e  of  the  tul)e  hv  overheatini*-  in  one  |)hice. 

'I'he  tnl)e  should  always  he  watcheil  most  carefully  (lurin«r  the  whole 
tinu*  that  it  is  in  operation,  as  the  vacuum  frequently  becomes  U»wer,  owinir 
to  the  heat  generated  hy  the  Hnoi-escence,  and  this  causes  the  platinum 
anode  to  heat  up  very  (piickly,  which  will  still  further  lower  the  yacuum 
(tf  the  tube  and  ultimately  destroy  it,  if  overheating-  is  not  checked  by 
mo\  ing-  the  rheostat  lever  so  as  to  reduce  the  current. 

High  vacuum  focus  tubes  reipdre  moi-e  current  to  bring-  them  to 
duon'scence  than  do  low  tid)es,  and  conse<|uently  the  iheostat  lever  will 
have  to  b(*  moved  so  as  to  allow  more  current  than  when  using-  a new  tula*. 
Hut  it  should  always  be  remendjered  that  the  vacuum  decreases,  tlu'  long-er 
the  tube  is  in  continuous  oj)eration,  and  consecpiently,  it  sIkuiM  be  watched 
so  as  not  to  allow  the  platinum  anode  to  get  hotter  than  a very  didl  red. 
At  this  temperature,  the  best  results  are  obtained  with  a high  vacuum  tube 
\\’hen  the  vacuum  in  a focus  tube  rises  very  high,  the  surface  of  the 
tube  should  be  cleaned  carefully  and  frecpiently,  as  it  has  a tendencx  to 
to  attract  particles  of  dust  from  the  air,  owing-  to  the  intense  electritication 
of  the  g-la.ss. 

(b»od  alcohol  .should  always  be  used  in  the  lamp  when  warming-  focus 
tid)cs,  as  a poor  (piality  will  deposit  a thin  coating-  of  carbon  on  the  outside 
sm-fac(^  (»f  the  glass,  which  will  cause  a leakage  around  tin*  tul)e. 

'flic  tid)(‘  should  always  be  kept  perfectly  clean.  'This  is  best  accom- 
plished Ity  wiping-  it  with  a piece  of  damp  tissue  paper. 

RADIOGRAPHY. 

IMiotog-raphy  is  an  indispcmsabh*  adjunct  to  Kcintgen  ray  work,  as  it 
is  lu'cessarv  to  supplement  nearly  all  fluoroscopic  examinations  l)v  this 
agent.  'This  arises  from  tlu*  fact  that  the  \isual  .st*n.se  is  not  sulHciently 
acute,  nor  is  the  outline  shown  on  the  fluorescent  scn>(*n  sufliciently  distinct, 
to  enabh*  an  obs(*rver  to  det(*i-ndm‘ the  finer  ih*tails  of  most  objects  through 
which  the  lo'Intgen  rays  will  W(»rk.  l''re(|uently,  in  working  through  the 
thicker  pai-ts  of  tlu*  body,  the  fluor(*scence  is  not  sufficient  to  enable  the  eye 
tt*  accurat(*ly  determine*  the  outlitu's  of  ai\  object  or  to  differentiate*  it  from 
surrounding-  ol»je*e'ts.  In  such  case's,  accurate  image's  e'an  oid\  be  nbtaiiu'd 
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by  tlie  prolong’efl  action  of  tlie  Rbnt<>(*ii  rays  upon  a photographic  phttc.  Hy 
the  prolouged  action  of  the  rays,  tlie  sensitized  surface  oi  thc  jilatc*  stores  np 
the  impressions  wliicli  are  received  upon  it,  so  allowing-  the  photof»raphic 
])roduction  of  iniac'es  whicli  could  not  be  discerm*d  visually. 

Also,  by  means  of  photography,  a record  of  the  condition  which  (Exists 
in  the  part  examined  is  made  ])Ossible,  and  these  may  be  multiplied  indeii- 
nitely  from  a sing'le  exposure*  by  means  of  jirints  from  the  negative*.  For 
these*  reasons,  Re'mtgen  ray  emthts  shemlel  always  be  supplemente*el  by  sntli- 
cient  [)lmteigraphic  matei’ial  te*  enable  the*  eiperator  te>  reseirt  to  jihotograjihy 
whenever  necessary. 

While  the  technic  of  the  preiduction  of  photograjihs  by  means  eif  the 
Reintgen  ray  does  not  differ  materially  fremi  that  used  in  orelinary  photo- 
grajdiic  work,  still  there  are  certain  points,  knowledge  of  whie!h  will  furthe*r 
the  operator’s  endeavor  to  obtain  good  results.  Of  special  imjioi’tance  are 
the  plates  used,  the  length  of  exposure,  and  the  method  of  devclojmient. 

PHOTOGRAPHIC  PLATES. 

All  photogra]ihic  plates  are  not  equally  applicable  to  radiographic  use. 
Plates  for  this  work  should  be  thickly  coated  with  an  emulsion  of  the 
highest  degree  of  sensitiveness.  Extreme  sensitiveness  is  requisite  for  the 
reason,  that,  compared  with  ordinary  light,  the  Riintgen  rays  have  but  feeble 
action  upon  the  silver  compounds  with  which  photographic  plates  are 
coated.  Consequently,  unless  the  plates  are  rapid — i.  e.,  very  sensitive — 
exposure  will  have  to  be  unduly  prolonged  in  order  to  produce  satisfactory 
results. 

The  necessity  for  a thick  coating  to  the  plates  arises  from  the  desira- 
bility of  shortening  exposure  to  the  briefest  possible  time.  The  Riintgen 
rays  do  not  work  upon  the  surface  of  the  sensitized  emnl.sion  alone,  but 
penetrate  it  and  act  equally,  or  nearly  so,  throughout  its  entire  thickness. 
This  may  be  proven  by  superimposing  several,  sensitized,  celluloid  or  jiaper 
films  and  then  taking  a radiograjih  upon  them.  When  developed,  tlie 
image  upon  the  lowest  film  will  show  no  apprecialde  difi'erence  from  that 
n])on  the  npjier.  If  now  the  developed  films  are  superimjiosed  and  viewed 
by  transmitted  light,  the  parts  acted  upon  by  the  light  will  ajipear  much 
more  opaque  than  Avhen  each  film  is  viewed  separately.  From  this  it 
follows  that  a plate  coated  with  a thick  emulsion,  when  exposed  and  devel- 
oped, will,  by  reason  of  the  reduction  of  the  silver  .salts  throughout  its 
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entire  lliickness,  give  more  coiitrii.st  iind  printing  tlensitv  than  mie  with  a 
thin  coatiiiff. 

For  these  reasons,  ])lat(*s  specially  made  and  put  on  the  market  for 
K'ontgen  ray  work  are  usually  thickly  coated,  and  these  plates  should 
usually  he  used  in  prefei’ence  to  j)lates  made  for  onlinary  photographic 
puii)oses.  .Some  ordinary  j)lates,  however,  give  excellent  results.  Such 
ar(‘ the  “ diuihle-coated  ” aud  “ uonhalatioii  ” plates,  all  of  which  are  thickly 
coated.  Some  rapid  ])lates  which  ar(^  used  for  ordinary  ph(ttograj)hic  pur- 
])oses  also  give  excellent  results.  Notable  «»f  these  j)lates  are  tho.se  made 
hy  the  Cramer  Dry  Plate  Company  of  ,St.  laaiis.  Mo,  with  which  results 
have  heeu  obtained  <*(pial  to  the  b(*st  obtaimsl  with  special  ))late.s. 

As  j)hotograj)hic  plat(\s  dilfer  widedv  in  their  aj»])licabilit\'  to  Ih'intgen- 
I'av  work,  comparative  tests  sh(»uld  alwavs  be  made  before  adopting  a new 
make.  In  testing  |)lates,  the  hdlowing  method  is  useful:  Place  foiu'  plates 
in  light-tight  envehtpes,  and  put  them  side  by  side  in  the  form  of  a stpiare 
under  the  Crookes  tube.  Place  on  each  jilate  a circular  disk  of  tin,  and  in 
the  center  of  the  disk  a coin.  Fix  tlu*  anode  of  the  Crookes  tube  directly 
above  the  center  of  the  square  formed  by  the  jdates,  so  that  all  the  plates 
will  be  e([ually  illuminated.  Turn  on  the  current  so  that  the  tube  will  be 
illinuinated  and  the  plates  exposed.  Expose  for  about  t’  ree  minutes,  aud 
then  deyelop  all  the  })lates,  together,  in  the  same  tray,  with  the  same 
develoi)er.  Comp;mson  of  the  tinished  negatiyes  will  show  which  plate  is 
the  most  rai)id  by  the  greater  density  of  the  shadow  where  the  rays  have 
worked  through  the  tin  disk,  and  the  contra.st  can  be  judged  by  the  relative 
density  between  the  shadow  and  the  part  of  the  negative  outside  of  it. 
('learuess  of  the  negative  and  absence  of  chemical  fog  can  be  judged  from 
that  ])art  of  the  negative  beneath  the  place  where  the  coin  was  placed,  tol- 
as no  rays  can  jiass  through  the  coin,  this  jiart  of  the  negative  should 
appear  perfectly  clear.  Hy  testing  plates  in  this  mamu'r,  an  operator  is 
able  to  judge  the  (piality  aud  kind  of  plates  with  which  lu*  is  working. 

d'he  keeping  (piality  of  jilates  is  a matter  of  considerable  importance 
in  radiography  for  military  surgical  purpose.s.  Plates  fretpieiitly  have  to 
be  bought  in  large  <piantiti(*s  and  shij)pe<l  to  distant  points,  (tfteii  to  tropical 
climates,  where,  unh*ss  tlu‘  plates  have  exceptionally  g(»od  keeping  (piali- 
ties,  they  are  liable  to  spoil.  Fnder  such  circimistauces,  if  plates  deteriorate, 
it  is  dilliciilt  to  nqilace  them  without  considerable  delay.  .S(»me  kinds  of 
l\<intgen-ray  plates  are  put  up  separat(dy  in  light-tight  envelope.s.  'fhe-se 
plates  do  U(»t  keep  well,  as  the  heat  and  moisture  acts  in  sonu*  way  iqion 
the  })aj)er  aud  cause  deterioration  in  the  scnsitiz(*d  surfaces  of  the  plate  with 
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wliich  the  ])a])er  comes  in  coiitMct.  Plates  k<*e|)  hcttiM'  when  packed  tof<'(‘tlier 
in  liglit-tiglit  pastel)oard  boxes,  as  they  an*  oi-dinaiily  packed  t‘oi-  conimer- 
cial  use.  For  these  reasons,  plates  ])ack(*d  in  such  hox(*s,  with  envelopes 
se})arate,  shonld  he  chosen.  Radiographs  can  In*  taken  njam  certain  kinds 
of  sensitized  ])aper;  such  as  tlu*  Kastman  permanent  hromidc.  Th(*se  papers 
are,  however,  much  slower  than  ])lat(*s,  and  do  not  g-ive  as  cl(*ar  and  wcll- 
(letined  pictures. 

EXPOSURE. 

The  leng’th  of  exposure  depends  u])on  the  amount  of  radiation  from 
the  tnhe,  the  distance  of  the  tube  from  the  })hite,  tlu*  rapidity  of  the  plat(*, 
and  the  density  of  the  part  through  which  the  rays  have*  to  work.  Souk* 
experience  is  required  on  the  part  of  an  operator,  in  ord(*r  to  (*stimate  the* 
length  of  time  it  is  necessary  to  subject  the  j)late  to  the  action  of  the  rays, 
to  obtain  a satisfactory  image.  Relative  to  this,  it  max'  Ik*  said;  that,  in 
order  to  take  a satisfactory  radiograph  through  any  of  the  thicker  parts  of 
the  body,  such  as  the  knee,  thigh,  or  head,  it  is  essential  that  tlu*  tula* 
should  show  the  shadow  of  an  object  on  the  fluoroscope  through  tla^  skull 
of  an  adult.  With  a tube  having  this  radiation,  placed  at  10  inches  from 
the  body,  and  using  a rapid  plate,  the  following  lengths  of  (*xposni-e  may 
be  considered  as  the  maximum  necessary: 

Forearm  and  liand Oiu-  to  two  minutes. 

Shoulder  and  chest Ten  minutes. 

Knee Nine  minuti-s. 

Hip  joint,  head,  and  i>elvis Twenty  minutes. 

Unless  radiographs  can  be  ttiken  of  the  ditlerent  ptirts  tunned,  in  the 
time  given,  the  tube  is  not  working  properly,  either  from  some  defect  in 
the  tube  or  the  current  by  which  it  is  excited,  ;md  the  attention  of  the 
operator  should  be  directed  to  these  defects,  ;md  he  should  corr(*ct  them 
rather  than  attempt  'lo  obtain  a result  by  ])rolongino-  the  exposure. 

RONTGEN-K.\Y  UURNS. 

R()utgen-ray  burns  are  usuallv  ])roduced  b^'  prolonged  exposure  with 
tubes  which  are  not  working  })roperly.  There  is  very  little  danger  if  the 
apjiaratus  is  working  well;  for,  with  a properly  working  apparatus,  prolonged 
exposures  or  close  ap})roximation  of  the  tube  to  the  body  is  not  necessary. 
But  two  Rdntgeu-ray  burns  have  been  repoited  as  a result  of  the  use  of 
the  Rdntgen-ray  apj)aratus  during  the  Spanish-Anierican  war.  One  bum 
was  produced  by  a coil  and  om*  by  a static  machine.  In  each  case,  the 
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• •xposiirf  was  |»r<.l.iii<ic«l  aixl  fn-(|U('iiTly  repeated,  and  tlx-  appanitus  was 
not  woi-kinji'  at  its  maxininm.  d'lx'  cases  are  as  follows; 

( UMf  J. .S/'/V/V  . hurn  hi/  roil  iiitir/i! Ill  . 

I lioiims  McKenna,  discharjj’cd  soldier,  fonnerlv  i)rivate.  ('onipanv  Sixth 
I inted  States  Infantry,  had  reeeivtal  a jrunshot  fracture  of  the  upper  third  of  the 
rijrht  hnineriis  dnriiij;  the  Saiitia«ro  eampaie-n.  for  which  an  excision  of  the  upiwr 
l>art  of  the  hinnerus  was  made. 

December  .t.  ISKS.  an  attempt  was  made  to  radioc'raph  tlx*  shoulder  iii  order 
to  asc(>rtain  the  condition  of  the  bone.  An  exposure  of  twenty  mitmtes  was  made. 


I'm.  2-1. — Itrnitp-n-iiiy  lnirn  <>f  rinlif  breast  nf  Tliomas  MeKeiuia,  litrnierly  |irivate  ('tiiii|iany  t',  .sixllt 
I'nile<l  Slates  Infantry.  The  plmto^rapli  was  take?i  wlu>n  the  i-oinlition  was  at  its  witi>t  sla^e. 

usin«,r  it  Fe.ssenden  coil  inix  hine  m-tuated  liy  a dynamo  cum'ut.  with  the  tube  (ti  low 
one)  In  inches  from  the  shoulder.  rite  result  was  so  unsiu-eessful  that  a .second  aitd 
third  trial  on  siieee.ssivt'  days  wt>re  made,  lait  the  tube  wtis  workinjr  so  pttorly  th:it  no 
salisfjietoiy  iiidiotTraph  was  obtained.  Six  days  tifter  the  last  exposure,  slitjht 
ri'dne.ss  of  the  skin  app»*ared  on  the  front  of  the  elx'st  and  shoulder.  Phis  erythe- 

luiitous  condit ion  inerea.sed  and.  two  days  hitt'r,  small  bh'bs  !i|)j)C!ired.  fhese  broke 

and  small  ulcers  formed.  whi<  h irrixluitllv  spretxl  tind  eotileseed.  'I'he  ti.ssue  necrosis 
deepened  and  extended  ainl  was  jx’comp.anieil  by  imirked  pain  and  hvpt'rtestlx'siti. 


KON'n.KN  KAY  lU'KNS. 


‘If) 


iiiilaiimiiitorv  uction  coiitiniK'd  imlil  tlic  Imi'ii  covered  tieiirlv  llie  wliole  ri<jlit 
breast  (tij>\ 

rreatiiient  oi  \’arious  kinds  was  tri(‘d,  but  (In*  <>'reatest  lanielit  was  deidved  from 
eontiniious  ai)|)Iieation  of  haul  and  oj)ium  lotion.  'I'he  l)urn  showed  no  sie'ii  of  lieal- 
ine-  for  four  months.  After  that  time  it  <^radnally  e-rew  Itetter.  but  tlie  healin<r 
process  was  very  slow  and  the  buiai  was  not  (mtiiady  healed  until  (d(‘ven  months  after 
its  lirst  apj)earanee. 

Cii.vt- — Ii(nif<i('n  lun/ hiirii  hij  nf of ir  iiKicIii in  . 

Walt(>r  C’.  Hooth,  ])rivate,  Hosi)ital  Corps.  Admitt(‘d  to  th(>  Anny  (bnuMal 
Hospital  at  Washino-ton  Marraeks,  1).  C.,  iMareh  14.  IS'.t'.t.  foi-  pyelitis  and  hydro- 


Fio.  L’(). — Kimtsien-ray  hnrn  on  tile  iilxloinen  Ilf  Walter  C.  I’xiotli,  |irivate,  llo.«|>ital  Cori>s.  The  plio- 
totrrapli  was  taken  when  the  erythematous  eonilition  was  at  its  lieifrht. 

nephrosis  of  the  left  kidmw.  supposed  to  be  due  to  the  pre.senee  of  ealeiilus  in 
the  pelvis  of  that  kidney.  An  attempt  was  made  to  detm-mine  liy  radiojrraphy 
whether  or  not  a ealeulus  was  pre.sent.  Exposures  of  twenty-tive  minutes  each  wen> 
made  every  other  day  for  three  days  with  a static  machine,  but  no  ealeidus  was  found. 
Five  days  after  the  last  exposure,  an  erythematous  spot  appealed  on  the  left  side 
of  the  abdomen.  This  oradually  became  (piite  pronounced  in  color  and  spread  until 
it  reached  the  sizi*  shown  in  tin-.  'I'here  was  hypc'resthesia  of  the  })art.  but  no 
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ulfiTation  o<Tum*<l.  and  tin*  irritation  disai)i)fart*d  in  about  ten  days.  Inaviiijr  n«»  after 
e fleets. 

It  a|)j)ciirs  that  the*  factors  which  iiiHucncc  the  production  of  Kdiit^en 
ray  l)iirus  arc:  Qi)  the  length  of  the  exijo.siire;  (h)  the  nearness  of  the  tube  to 
the  surface  of  the  body;  (c)  tlie  pliysical  condition  of  the  patient,  and  (jl)  indi- 
\ idnal  idiosyncrasy,  lielative  to  the  leiio-th  of  exj)osure;  it  slionld  not  exceed 
thirty  minutes,  for  with  this  length  of  exj)osure  any  ])art  of  tlie  body  may 
be  radiographed,  })rovided  the  apparatus  is  working  properly  and  good 
technic  is  used.  If  j)hotograj)hic  residts  are  not  obtained  with  a thiity- 
ininute  exposure,  the  operator  should  look  to  iinproying  his  apj)aratus  or 
technic  rather  than  to  lengthening  the  time  which  he  exposes  the  j)atient  to 
the  action  of  the  ra}'s. 

In  regard  to  the  distance  of  the  tube  from  the  body;  ten  inches  should 
be  taken  as  the  minimum  distance.  'I'here  is  no  doubt  that  the  nearer  the 
tube  is  to  the  surface  of  the  body,  the  more  likelihood  theiv  is  of  j)roducing 
a burn.  A good  aj)})aratns,  properly  adjusted,  will  W(»rk  readily  thr»>ugh 
the  hea<I,  chest,  or  pelvis  with  the  tube  at  ten  inches;  and,  in  the  absence 
of  individual  idiosyncrasy,  with  the  tube  at  that  distance,  and  an  exposure 
not  exc(*<‘ding  thirty  minutes,  there  is  no  danger  of  a bum. 

Personal  idiosyncrasy  and  low  vitality  have  always  to  be  taken  into 
account.  The  lirst,  foitunately,  is  yery  rare,  as  it  can  not  be  determined 
l)cforehand;  the  latter  should  always  be  con.sidered.  A person  in  ill  health 
or  debilitated  in  any  way  is  undoubtedly  more  likely  to  be  burned  by  the 
Ih’intgen  I’ays  than  one  who  is  strong  and  vigorous.  The  well-known  fact 
that  W(*akened  tissue's  (*asily  yield  to  disturbing  forces,  holds  with  the  action 
of  the  Ih'intgen  rays  as  with  other  factors,  the  action  of  which,  if  too  long 
contimu‘d,  devitalizes  the  cells.  Exposures  freepiently  repeated,  with  too  little 
inte*rval  of  time  l)i*tweeii  them,  will  act  in  the  same  way  as  a single  long 
exposure;  the  tissue's  disturb(*d  by  one  exposure  mtt  being  abh*  to  regain  their 
(•(piilibrium  before  the  si'cond  exposure  is  made.  It  is  t»»  be  remembereel 
that  tin*  pathological  elh'ct  of  a destructive  Ib'tntgen  ray  exposure  is  not  at 
once*  aieparent,  the  lirst  appi'arance  of  a burn  not  showing  itself  for  two  or 
thre'c  days.  It  is  (|niti*  jeossible,  tlu*refore,  to  seriously  incn'ase  a trouble 
already  startc'd,  if  a second  ('Xj)osni'e  is  made  within  tJiat  time.  For  this  rea- 
son, it  is  a good  rule,  wheiv  a thirty-minuti*  exposure  has  been  made,  not  U) 
rc*|)(*al  the  ('xpitsnre  within  three  days.  With  exposures  of  shorter  duration, 
the  danger  of  ri'petition  diminishes jxiri  jtasau  with  the  length  of  the  exposure. 
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DEVELOPMENT  OF  RONTGEN-RAY  NEGATIVES. 

Tlie  (levclopiuont  of  R()nto-tm-ray  iiej2;’ativos  does  not  differ  from  that  of 
ordinary  negatives,  exce])t  that  inon^  time  is  nsnally  recjnired  to  hrin^-  ont 
tlie  details  and  obtain  sntHeient  contrast.  Any  develojier  wliicli  will  produce 
o-ood  results  inordinary  photo<)’raj)hy,  will  j)i-odnce  ^ood  n^snlts  in  lu")nt<>cn- 
ray  work.  Of  the  ditf'erent  developin<>-  accents,  pyrof»allic  acid,  metol,  h vilro- 
chinone,  and  ortol  are  the  best.  I’yro  is  probably  th(^  b(\st  when  properly 
used,  but  it  has  the  disadvantaf>-e  of  staiiiino-  the  hands  of  the  «)peratoi'. 
This  may  be  overcome  by  the  use  of  rubber  o-h)ves,  and  wlaa’i*  mnch 
Rontg’en  work  is  to  be  done,  jiyrojifallic.  acid  is  probably  tlm  best  l•(*(lucin^ 
agent  that  can  be  employed.  The  following  formnla  ''  os<3  \vill  be 

found  a good  one: 

A. 

Orams. 

Boiled  \s'ater oOO 

Potas.«iuin  bromide 1 

Sulphite  of  soda 12.5 

n. 

Boiled  water .500 

Sodium  carbonate 125 

To  develop,  take  of  A,  30  grams;  R,  30gnnns;  water,  200  grams;  ])vro- 
gallic  acid,  one-third  teaspoonful  of  dry  crystals.  Ry  making  the  developer 
up  as  given,  and  using  dry  pyrogallic  acid,  uniform  action  of  the  developer 
is  insured,  as  developers  made  up  with  pyrogallic  acid  in  solution  are  very 
apt  to  deteriorate.  Metol  and  hydrochiiione,  while  not  having  the  staining 
qualities  of  pyro,  do  not  give  negatives  with  tpiite  tts  good  printing  ([uali- 
ties.  Developers  in  which  they  are  used  are  also  somewhat  more  diflicult 
to  make  up.  Rut,  where  there  is  objection  to  the  use  of  pyro,  the  following 
formula  will  be  found  an  excellent  one: 

(ininis. 


Boiled  water .5tM) 

Sodium  sulphite .50 

Potassium  bromide 1 

IMetol 2 

Hydrochiiione 6 

Sodium  carbonate,  crystallized .50 


When  great  contrast  is  desired,  hydrochiiione  alone,  with  a caustic 
alkali  as  an  accelerator,  and  some  potassium  bromide  as  a restrainer,  will 
give  best  results.  Ortol  gives  good  negatives  and  1ms  the  advantag'e  of 
being  ready  mixed,  only  requinng  t<*  be  dissolved  in  water. 
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For  fixiiio-  tlio  iie^ativo,  an  acid-fixing-  hatli,  witli  clironie  alnin,  is 
l)<*ttcr  tlian  a jdain  solution  of  sodinin  Iiyposnlpliitc  in  water.  'I'lie  a«-id 
l»atli  removes  stains  from  thcMieo-ative  and  hartlens  the  ^felatin ; an  important 
detail  in  hot  weather  or  warm  climates. 

riie  following-  tormnla  is  a c-ood  one: 

Water eiiliir  eeiitiiiieterv. . 2,  WX) 

IlypoHulpliite  nf  .«<Mla i;raiiis..  7">0 

Sulphite  of  SDilii rlo 60 

C’lirome  alum <lo .tO 

Sulphuric  aci<l cuhie  centimeters. . 4 

ddiis  solution  slundd  he  filtered  Itefore  usino-.  Where  chrome  alum 
can  not  he  »*htained,  ordinary  alum  may  he  used,  hut  the  .solution  will 
retpnre  more  fretiuent  tilterino-. 

PRINTING. 

When  prints  are  to  he  imide  from  Kunto-en-ray  neo-atives,  any  jr».»od 
))rintino--ont  paper  may  he  used.  Where  it  is  necessary  to  retain  all  the 
finer  details  of  the  neo-ative,  Solio,  Aristo,  or  anyone  of  the  modern  o-elatin 
or  collodion  papers,  will  o-ive  very  good  results.  For  the  ver\-  best  results, 
however,  alhumen  jttijter  is  unetpialed.  It  has  the  disadvantag-e  <tf  retjuiring- 
more  experience  on  the  jtart  of  the  jthotog-nipher  and  *»f  being-  nn>re 
diflicidt  to  manipulate  than  the  printing-out  j)aj)ers  which  have  lieen 
recently  j)uf  on  the  market. 

For  prints  which  are  t(»  he  (piickly  produced,  one  of  the  bromide 
jiapers  can  he  used,  hut  these  paj)crs  do  not  give  as  fine  detail  as  do  the 
gcllatin,  collodion,  or  alhumen  printing-out  pajiers. 

.Ml  the  manipulations  of  lh”>ntg-en-ray  photograjihy  ai  e similar  t<»  tlntse 
of  ordinary  photography,  and  anyone  who  has  mastered  the  technic  of 
the  latter  will  ha\e  no  diflicnlty  in  Rfhitgeii-ray  work.  Fhotogra|ihy  is, 
however,  absolutely  essential;  as  the  fluoroscope,  alone,  will  show  oid\-  a 
minorlt\-  of  the  conditions  which  the  Ih’iiitgen  lay  is  capable  of  disclo.sing. 
l'iver\-  Kiintgen-ray  aj)paratus  should,  therefore,  he  supplemented  by  a 
i-omijlele  ontfit  tor  photogi-aphic  woi-k. 
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